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- PRELIMINARY HAZARD ANALYSIS 

- GENERAL CORRECTIVE ACTION/MINIMIZING 
PROVISIONS 

1.0 EXPLOSION 

2.0 INADVERTENT RELEASE OP POTENTIAL ENERGY 

3.0 FAILURE OF RESPIRABLE AIR SUPPLY 

4.0 EXPOSURE TO TOXIC MATERIALS 

5.0 Fi^ILURE OP SUPPORT SECTION 

T - Spil^IPIC CORRECTIVE ACTION/MINIMIZING 
PROVISIONS 






REVISIONS 


Added Section III, "Specific Corrective Action/Minimizing 

. % . - 

Provisions" - Pages 8 through 28. 



' '-J 


■A 





NO. E.R. 1018 



PACE 


AVI ATI ON 


! System safety is primarily cons^^&'ed with prevention, of 
events that may result in injury or death to personnel or damage 

to equipment. Safety analysis is a progressive activity. As 

' ■■ 

the program life cycle progresses^ the system safety analysis 

■/ 

are updated, revised and expanded to assure that all hazards are 
identified and subsequently minimized and controlled. 

A three-stage program is utilised on this |>rogram that 
includes the following stages* 

1. Preliminary Hazard Analysis 

2. General Corrective Action/minimizing provisions, which 
are safety criteria that are imposed on the designers. 

3. ^Specific Corrective Action/minimizing provisions which 

define how the designers have responded to the safety 
‘ criteria previously established. 


PRELIMINARY HAZARD ANALYSIS 

1. Explosion - Explosive failure of pressure vessel, valves 

or fittings. Possible causes: overheating in a 

fire; electrical arc burn -through y gunfire damage, 

i( '■ 

severe .Impact , environmental exposure and/or 
corrosion damage, ^ 

2. Inadvertent Release of/ Potential Energy - Failure of 

high pressure, ysilves, fittings, hoses, gage, or 

,.y' ■ 

pressure relief devices. Separation of high pressure 
Components while pressurized^ 
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3. Failure of Respirable Air Supply - Includes loss of 

supply and/or failure of air supply system, or 
failure of the user to leave the toxic or oxygen 
deficient area before the air supply is depleted. 

4. Failure of Support Section - Loss of support for air 

supply. 

■ GENERAL CORRECTIVE ACTION/MINI^I ZING. yPROVI SIGNS 

1.0 EXPLOSION 

1 . 1 Explosive Failure of Pressure Vessels 

1.1.1 Overheating (by fire) - Protect with burst-type safety 
device, preferably with fusable alloy support. Heat 

t/ 

transfer through the walls of the b.R.P. vessel, 
with the resultant increase in pressure of the 
contained gas, may not be as rapid as degradation of 
the outer surface of the vessel. Consequently, the 
rupture would not result from the increase of pressure 
inside the vessel, but from the weakening of the 
vessel wall. 

■' ' ' ■ . \ ■ ■ ■ ■ ■ ^ ■ 

1.1.2 Electric arc burn- through - No lianger since the G.R.P, 

outer shell is electrically non-conductive . 

1.1.3 Gunfire - G.R.P. vessel non-shatterable when exposed 

. 71 ^ 0 " gunfire. _ ■ . "■■"7 " 

1.1.4 Sn’a&^S^'sntal Exposure and/or Corrosion Damage - 

\ Select materials of construction or apply protective 
coatings to prevent degradation due to environmental 
exposure, or internal corrosion. An elastomic or 




■) 


metal outer coat may be required to protect agarnst 
normal handling damage. 

Explosive Failure of Valves or Fittings - Design 
cylinder valve such that section that fits into the 
cylinder provides sufficient restriction to preclude 
explosive failure of the downstream components. 


ISIADVERTENT RELEASE OF POTENTIAL ENERGY 


Failure of High Pressure Valves - Design with 
conservative stress levels and arrange/ controls and 
protuberances to prevent damage by dropping. If 
possible, incorporate shock absorbing device (s) in 


the design. 

Failure of High Pressure 


- Design at 


conservative stress levels ? include flexibility to 
prevent unnecessary connection stresses. S|iileqt 
materials considering environmental exposure. 

Failure of High Pressure Hoses - Select a hose with a 
safe margin, use as great a length as practical to 
minimize connection stresses. 

Failure of Gage(s) - Incorporate an orifice in gage 
connebti on to pr ev ent^as s ive loss of breathing air. 
Use low mass lens and arrange for *'pop-out" at a_. 
relatively low differential pressure. Locate gage so 
that it is protected against damage from dropping or 
other abuse. 
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Eailure/o£ Pressure Relief Devices ~ Select to be 

i; •. 

compatible with environmental exposure; arrange so 

that there is no high velocity gas impingement on the " , 

11 

user if it should fail during use. 'i 

Separation of High Pressure Components V?hile Pre ^urized 
Provide locking devices where practical, or ipdlude 
warning vent holes to vent the gas while the connection 
is secure, such as on the CGA (1340) fitting, or the 
Scott (P/iiT 800011) cylinder valve. Apply caution labels 
to apparatus. 

3.0 FAILURE OF RESPIRABLE AIR SUPPLY 

3 . 1 Leakage of Air from the System through Valves, Fittings , 
Hoses, Gage, Pressure Relief Devices and their 
Associated Joints and Seals ; Minimize "the number of 
joints and seals, Desig <^5 utilizing proven components 
and sealing techniques. Arrange the valve seat on the 
cylinder valve so t^at it shuts off the maximum number 
of seals. Design the system to allow a substantial 
margin between relief valve operation and service 
pressure. 

3.2 Leakage of Air fr om the Sy stem Through a Faii-Open 

1 1— ■—‘**—1 ■ r ■ ! n - - • • I ~ 1 •• I — n — ^ ^ ^ 

Regulator (s) ; Design regulaitors to minimize the 
probability of a high flow fail~open mode of failure. 

Use conservative design stress levels for bellows and 
diaphragms. Position the cylinder valve so it can be 
mari'^^ulated by the user to manually control the flow 
for egress purposes. 

■ ^ - . . .. ^ 


2 » 5 
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Blockage ' 6 €-, Air Supply from the Compressed Air 

Cylinder : Select Ttiaterials and/or surface treatment for 

// 

the inside of the compressed air cylinder to prevent 

internal generation of contaminants that might block 

1 

hoses and/or valves. Include a filter to prevent 

ingress of contaminants during recharging with 

' ■■ ■ ■ ■' 
compressed air. Utilize a pressure opening type, valve 

so that a dislodged valve seat, or particles feom 

the seat will not "check" the air flow. 

Blockage of the Air Flow by a Fail-Closed Regulator 

Design the regulators so that a total fail— closed 

situation has a low level of probability. (e.g. 

Use a compression type coil spring such that failure 

of the spring would cause it to drop one coil, thereby 

reducing the outlet pressure somewhat but not to zero.) 

Include a backup circuit =^or bypass of a fail-closed 

regulator. This circuit may be manually contfBlled, 

or may be a completisly redundant regulator system. 

If transfer to the backup system is automatic , then 

some war hting must be provided to indicate this 

conditioriU 

Failure of User to Leave the Toxic Or Oxygen Deficient 
Area Before the Air Supply is Depleted : 

Provide an effective low pressure warning tb warn the 
user at an appropriate time that his /supply of air is 


low and that he should leave the area; The warning 
system should he such that the most probable failures 
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result xn a premature warnxng. The user should he 
able to readily determine if the alarm is his own, 
or that if a partner who may.be in the same area. An 
automatic or separate method of p^.^>TCheclcing\-the alarm 
system, such as a "press-to-test'*, should be incorporated 
if there is a‘ possibil^ity of a "net-warning” failure. 


EXPOSURE TO TOXIC. iMATERIALS 


Poisonina Throuah the Sk.in 


Self-contained breathxng apparatus, unless supplemented 
by an appropriate protective suit , does not protect 
against poisoning through the skin. The system should 
be designed such that it can be worn inside a 
protective garment, and warnings should be included 
in the instruction manual to war^h the user of this 
hazard, /f 

Inward siSeakacre into the Breathinq System through Fauit 


or Inadequate Valves or. Seals 


Design the facemask for optxraum fit on the maximum 
number of various .facial, shapes when worn with the 
fire\^i*s helmet. Devise a simple method for 


determining fit of the facemask on any fireman, that 
can be performed simply in any fireball. Establish 
a quick -check for inward leakage to be performed by 
the user immedf^feely before entry into a hazardous^ 
area, and define this procedure in the instruction 
manual. Design the exhalation check valve to provide 
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very small back leakage for all anticipated 
environmental conditions. M^iimize sections of 
breathing system that are exposed to negative pressures. 
Inward Leakage into the Breathing System through 
Damaged Ciomponents ; . Design the faceseal section of the 
mask to be self -energizing, if possible, of to provide 
an indication of leakage if it is an inflatable seal 
design. Design the facemask so that' it securely 
P|?f'itions itself on the face, i.e. it is difficult to 
d^ lodge, the visor should be strong to preclr^^de impact 
damage:, ;br a supplemental device should be provided 
for impact protection. Provide a guard to protect the 
exhalation, valve against damage that may cause 
distortion of the sealing surfaces. 


FAILURE OF SUPPORT SECTION 

Design the harness and frame assembly? to minimize the 
possibility of loss of support for the air supply. 

The greatest risk is from heat and/or chemicals 
causing rapid deterioration of the harness assembly 
or the cylinder clamp. 


III. *SPECIFIC CORRECTIVE ACTlON/MlJiiniMISING PROVISIONS 


*To be included at the conclusion ol\ the Design Fhase, 


O 


8 


SPECIFIC CORRECTIVE ACTION/MINIMIZING PROVISIONS 


EXPLOSION 


Explosive Failure of the Pressure Vessel 
Overheating (by fire) 

■V-. 

The vessel is protected by combination frangible 
disc-fusible plug safety device. At heat inputs 
to the valve assembly, that result in temperatures 
in excess of 220°F, the fusible alloy melts leaving 
a disc with a rupture value of 4500 to 5000 psig. 

An increase of pressure in the vessel to this value 
results in immediate and safe venting of the cylinder 
%^af ety devices of this type have been in use for 
many years, and although they do hot provide 
protection, against overpress\^rization of the vessel 
in the absence of heat, the design appears to be 
ideally suited to this particular application. 


1.1.2 Electric Arc Burn-Through 

No danger since the Glassfiber Reinforced Plastic 


(G. R. P. ) outer shell is electrically non-conductive 
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Gunfire 

The G. R. P. vessel is non-shatterahle when exposed 



to gunfire. 



I 


1.1,4 Environmental Expogure and/or Corrosion ibatnage 

Corrosion-resistant aluminum alloy is utilized as 
the liner material to preclude corrosion damage 
from the inside. An extra res^n coat is applied 
over the outer windings on the cylinder-to protect 
against ahrasion o-:^f the outer walls. Regular 
examination and retesting of cylinders is a Depart- 
ment of Transportation (DOT) requirement and is 
specified in the maintenance section of the user's 
manual. 

t 

1 . 2 Explosive. Failure of Valves or Fittings 

The cylinder valve is designed with a small bore 
. in the section that fits into the cylinder. The 
bore is only^ leirge enough to pass the required flow 
of air. The volume of gas contained in the high- 
pressure lines and fittings is held to a minimum 

by the use of the shortest and smallest diameter 

" . 11 

; S' //' 

hose that will accept fittings that have bore 



■i ' 






diameters that will pass the required air flow. 

The total volume of gas contained in the high 
pressure hoses and fittings is 2-2 standard liters 
at 4500 psig. Conservative stresses are utilized 
in the design of the' valve, hose and fittings. 

The cylinder valve is qrns trusted of an aluminum 
alloy with an ultimate strength of 52,000 psi and 
a yield strength of 42,000 psi at . 2 % offset. A 
m^^ximurit^ldesign stress of 31,000 psi at a burst 
pressure of 11,250 psi has been used in the prepara 
tion' of this design. 

A commercial quality high pressure hose assembly 
is utilized with a service pressure of 5000 psi. 

The proof pressure of the hose is 7500 psi minimum, 

with a minimum burst pressure of 20,000 psi. The 

\ 

fittings and their assembly to the hose are such 
that the normal failure mode, during burst tests, 
is one of lealt'age at the hose/fitting interface. 

The hose assembly will be 100% proof tested at 7500 
psi to assure its , integr^ity. 
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The high pressure hose connects to the pressure 
reducer assembly with a flange- type mounting 
held by four 8-32 stainless steel machine screws. 
The stress level in these screws is 21,892 psi at 
a burst pressure of 11,250 psi which is well below 
their tensile strength of p0,G00 psi. 


The mascimum mechanical load caused by a man falling, 

7 

being struck by falling or moving objects, or even 
being dragged or lifted by the hose, might conceivably 
create a 400-inch/lb. moment at this joint. This 
momeht would be resisted by two 8--32 screws on 
3/4" arm. 


400 

.75 X 2 X .014 sq. in. 


19,000 psi 
unit stress 


6 to 10 inch/lbs. installation torque would be 
satisfactory for 8-32 screws loaded at this level. 





INADVERTENT RELEASE OF POTENTIAL ENERGY 


Failure of High Pressure Valves - 


The only high pressure valve, the cylinder valve, 
is designed with conservative stress levels as 
defined in 1.2. The ‘valve kndb is side-mounted 
and a rubber bumper is mounted on the extreme end 
to protect the knob and to serve as a shock ^sorber, 
Should the cylinder valve assembly be dropped. 

An aluminum gage guard, , connected below the rubber 
bumper, provides protection to the pressure gage 
that is mounted on the cylinder valve. 


Failure of High Pres sure' FittincTS 


The high pressure fittings are conservatively 
designed for integration with the high pressure 
hose as described in , 1.2. A four-bolt flange „ 
mount is swaged to one end of the high pressure 
hose. Since the opposite end contains a right-angled 
fitting^ a hi" pipe thread connection is utilized 
between the hose and the cylinder valve coupling 
in order to allow proper- orientation of the fittings 
to minimize the connection stresses. 
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The cylinder valve nipple is constructed of 2024-T4 
aluminum alloy with a design stress of 25,200 psi 

at burst pressure. This fitting connects into a 

• ■ ■ ■ ■ 

2024-T4 aluminum alloy elbow with a design stress 
of 20,500 psi at burst pressure. The 2024-T4 
aluminum alloy has a tensile strength of 64,000 psi 
and a yield strength of 40,000 psi.. 


The hose fittings are constructed of low carbon 
steel. They are designed to hold tight onto the 
hose/at a burst pressure four times the service 
pressure. In this case, a 5,000 psi servic|e^ pressure 


ho5;e has been selected* Consequently, they must 


hojid tight to the hose at a pressure of 20,000 p^i-^ 




F ailure of High Pressure Hose 

Hose with a service pressure of 5,000 psi and a 
burst pressure cf 20,000 pSi was selected. To 
minimize both weight and connection stresses, a 
s^shgrt hose was utilized, but the manifold to which 
it is connected is not rigidly connected to the 
backplate. Thd manifold can slide up and down to 
allow easy alignment of the fittings. 






V ■ 
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«ec*rON3 







AVIATION 


2,4 Failure of Gage 

The gage is connected »into a port op the cylinder 
valve that has an orifice to restrict the loss 
of air through a broken gage. The orifice limits 

X. 

the flow to a maximum of 60 1pm at 1000 psig. A 
Iw mass lens is incorporated in the gage such that 
it will pop out at a differential pressure less 
than 100 psi. The gage is protected from, damage 
by an aluminum gage guard that is fastened to the 
valve below the rubber bumper. 


2.5 


Fa ilure of the Pressure Relief Device 


A fusible alloy supported burst disc has been 
utilized. The fusible alloy protects the burst 
disc from premature failure due to corrosive attack. 
The fusible alloy also provides an indication of 

slight leakage that scmetimes occurs . Leakage causes 

■ •' 

the fusible alloy to extx^ade slightly outward 


and indicate the problem 


a 




The outlet from the disc is ported to provide 

•• p 

balanced thrust and to prevent direct impingement 
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on the user, hr onto others who may be in the area, 
if it should fail during use. 


Separation of High Pressure Components while 
Pressurized # 


A bent tab lock washer locks the cylinder valve 
into the high pressure cylinder to prevent uninten- 
tional separation. The modified CGA 1340 fitting 
includes warning vent holes that vent gas and provide a 
warning when the connection has be0i loosened while 
pressurized. This venting occurs while the connection:; 
is still secure, A warning decal attached to the 
cylinder is used to warn the user of the hazards ofi\ 
high pressure air. 




The number of joints ahd seals were minimized by 
the use of manifold type assemblies such as the 
pressure reducer assembly, and the breathing 
regulator assembly. Proven "O" ring type seals 
and swage connected joints are predominantly ' 
utilized to support the interconnection of the 

i 

components that are not manifolded. 

The cylinder valve is designed such that when it 
is closed, the valve stem seal is not pressurized, 
thereby minimizing the number of sealing surfaces 
for a stored system. 

‘ * .1 • • ■ • 

The ’fusible alloy type safety device for the high 
pressure cylinder provides self-indication of leakage 
as previously described. It should be checked for 
this indicatipn of leakage at each recharge. 
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The low pressure relief valve is integrated into 
the flange mounted low pressure hose fitting. It 
is set to relie>ife at 160 psig minimum, a pressure 

sufficiently above the maximum service pressure of 

■ - 1 

125 psig to minimize the risk of slight leakage at 
the valve. It has a flow capacity of 1900 slpm 
at the proof pressure of 225 psi. 



Leakacre of Air from the System throucfh "Fail-Open” 
Regulators 

Fail-open regulators can result from either of two 
failures! (1) Failure of the valve seat; (2) 
Failure of the control element (diaphragm, bellows 
or piston). The design selected for both the primary 
regulator and the I’^cku^ regulator in the Fire- 
fighter's Breathing utilizes a downstream 

type valve where tiie closing force increases with 
the tendency to leak. As a result of this character- 

... ^ ^ ■ .V 

istic, the regulator t'ends to correct its own 
valve leakage by reforming the valve seat utilizing 
pressures up to the relief valve setting. However, 
the reforming of the seat sometimes results in a 
reduction in tl^ flow capacity of the regulator. 


ENG-4369 12/68 
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Failure of the control sensing element always results 
in a fail open regulator unless there is a redundant 
control element. The outlet pressure of a regulator 
is established by the balance of the force resultving 
from the outlet pressure acting on a control sensing 
eleipent, such as a bellows or diaphragm, and the 
force from a suitably adjusted spring. In this 
system all regulators are gage pressure regulators; 
therefore, the opposite side of the control element 
is exposed to the anibient pressure. If the control 
element fails, there is no differential pressure 
and hence, no force to push back the spring to 
cause the valve to close. , The relief valve 'and 
the ambient reference hole for the control element 
rgust then be capable of passing all of the flow 
that results from the full open regulator yalye. ' ' 

Two large diameter ambient reference holes are 

A- • 

provided for each regulator. Each hole is partially 

plugged with a *'pop— out** plug that is drilled with 
a small hole. If the control element fails, the 
plugs will pop out at 60 psi and provide full venting. 



AVIATION 


Most commercial regulators will fail open if the 
cohfcrol ^ element fails, yet ve3:y few fail in this ^ 

\ ' ■ ■ O ■ " 

way. ^he control elements are designed at conservative 

' l; 

stress levels, and they usually far. outlast the 

li 

i 

valve seats. . / 


A design with a nylon fabric reinforced silicone 
elastomer diaphragm control element has been 
utilized. Previous experience in aircraft oxygen 
systems has proven this arrangement, particularly 
for temperatures to -60°P. "The ^elected design 
has a maximum stress level of 3,900 psi which is 
well below the 67,000 psi tensile strength of the 
diaf>hragm material, . \ 

% 

• ■ !i 

In the event of failure of rhe diaphr|kgm, the air 
supply would be rapidly lost unless .the cylinder 
Valve is quickly manipulated by the user. That 

valve has been conyeniently located so it can be 

!: 

operated by the right hand. ■■ 

In order to provide the air for egress, with a 
failed open pressure reducer (regulator) , the 


1 
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3.3 


? I 


user would immediately close off the cylinder valve, 
open the purge valve, then re-open the cylinder 

'rs 

valve to provide the constant flow of air to the 
facemask. I ' 

Blockage of Air Supply from the Compressed Air 
Cylinder 

If the components are clean when asseitibled, and .. 

all th¥"'air that is put into the system is filtered, 

then the only contaminants what might block the air 
' ' ■ 
supply would be generated within the system. 

Rust from steel high pressure cylinders is such a 

contaminant. In this system, aluminum has been 

selected as the liner material ^for the glass fiber ■ 

reinforced plastic high pressure cylinder, its 

oxidation product, aluminum oxide, is tightly 

adherent . and does not break loose from the interior 

of the cylinder. Consequently, the filter screen 

normally included in the inlet port of the cylinder 

valve has been intentionally omitted. 

It has been assumed that contaminants that get 
into the system will be admitted through the 


0 
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cylinder valve either during recharge, or by acci- 
dentally leaving the valve open after use. A 


screen in the\cylinder valve would trap those 
contaminants and' assure that they would get into 
the high pressure hose and manifold inlet on the\ 

next system u^e. Without a screen in the cylinder 

I 

valve, the contaminants would drop dovm into the 
cylinder and there would be much less chance that 
they would get back into the high pressure hose. 

A tube that protrudes c^own into the cylinder 
assures that contaminants will not "fuhnel'* down 
into the valv^li when the assembly is , worn in the 


valve down position. 


Since some contaminants may get back into the high 
pressure hose, a replaceable screen tyoe filter 


has been incorporated into the trilet "Bitting of the 
pressure reducer assembly. The filter effectively 
blocks particles of 70 mic^ns nominal size. 


It is the same as that used successfully for many 

. ■:> 

years in the Scott Air-Pak line of self-contained 


breathing apparatus. 
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A pressure opening type valve is used in the 
cylinder valve. Witl^y this type of valve, a dislodged 
valve seat, or particles from the seat, will not 
act like a check valve to block the flow from the 


cylinder , 


Blockage ,, of the Air Flow by a Fail Closed Regulator 
The pressure reducing regulators are designed with 
compression type coil spring loading. The springs 
are designed such that failure causes them to drop 
one coil and to establish a new lower outlet 
pressure rather than a zero outlet pressure. A 
backup regulator system is included in the pressure 
reducer assembly, such that failure of the primary 
regulator to provide adequate flow results in 
automatic transfer to the backup regulator. The 
warning whistle in the facemask is actuated to warn 
that the backup regulator is in use. ^ 


Proper functioning of the backup regulator is 
essential for the system to be truly safe. 


Cions equently, a '‘press-to-test" button is provided, 


.V 

-”2 
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on the manifold to establish that the secondary 
regulator, the automatic transfer valve and the 
alarm whistle are all functioning properly. 


Failure of the User to Leave the Toxic or Qxytten- 
Deficient Area before the Air SuddIv is Depleted. 

A low pressure' warning is provided to warn the user 

when his air supply has dropped to 850 psig. The 

warning system is initiated by a valve that senses 

the cylinder pressure. At a preselected pressure 

it transfers the output of the pressure reducer 

assembly from the primary regulator to the secondary 

regulator. The resultant increase in pressure 

actuates a slide valve, in th(a~nfask-mounted demand 

regulator* that transfers some of the outlet flow 

from the demand regulator through a whistle mgunted 

inside the facemask. The whistle sounds with each 

breath, unless the purge valve is turned on, in 

which case it would sound continuously. 


Because the warning is matched to his breathing, 
the user can readily determine that the warning is 



his own, rather th^ that of a nearby "buddy". 
However, since the aleucm is tied to the air flow 
through the demand regulator, pre-check of the low 
pressure warning is more difficult than for existing 
systems. > 

A recommended procedure is: Don and begin using 

the system, .verifying that it is functioning 
properly, then momentarily close off the cylinder 
valve and listen for the alarm to sound, then 
reopen the valve. 
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EXPOSURE TO TOXIC MATERIALS 


Poisoning through Skin 


The PBS is designed so it can be^ worn beneath a 
protective garment. A section in the instruction 
manual warns the user against materials that poison 
through the skin. 


Inward Leakage into the Breathing System through 
Faulty or Inadequate Valves or Seals 

The facemask is designed for optimum fit on the 

maximum number of various facial shapes when worn 

with the firemanfe helmet. 


The facemask contains a minimum number of system 
components. Consequently, it is ideally suited 

for issue as personal equipment. As per'^onal 

\ 

equipment, it can be pre-fit and adjusted^o 

the individual fireman under controlled conditions .i 

■ 4 

By repeated donning and fit checking, the fireman 
can be reasonably sure .that he will have a good fit 
when he dons it under emergency conditions. 
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A quick check for inward leakage to be performed 
immediately before entry into a hazardous area is 
an extension of the check or the low pressure warning. 
The system is donned, proper operation verified, 

I » 

then the cylinder valve is closed, the low pressure 
warning is checked for operation, then the system is 
breathed down until a negative pressure can be 

slowly created in the facemask, then the cylinder 

% 

valve is turned bacljf on aod entry can be made into 
the hazardous area. 


The exhalation check valve is designed for minimum 
leakiage; at a maximum leakage rate of 1.5 scc/min. 
it is at least 10 times better than existing exhala- 
tion valves. By shrouding the valve with the cover 
of the demand regulator, danger, from back leakage J 

' •" '■> (r 

of a contaminated atmosphere, , is reduced even further. 


The system utilizes a mask-mounted demand regulator. 
Conse<^ently, only the facemask and demand regulator 


are exposed to negative pressure during the breathing 
cycle. Possible dahiage from leakage in a flexible 


breathing tube is eliminated. 
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AVJATION 


4.3 Inward Leakage into the Breathing System through 

Damaged Compounds 

The faceseal section of the mask is self-energizing. 

It is designed such that it securely positions 

itself on the face and is difficult to dislodge. 

The visor is strong enough to withstand nominal 

impact damage (Steel Ball Test per Federal Spec. 

GGG-M-125d) . However, for greater impact protection, 

an auxiliary faceshield should be used over the 

facemask- o 

The exhalation valve is protected against damage 
by its location beneath the cover of the demand 
regulator. 
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The harness and frame assembly is designed to 
minimize the possibility of loss of support for 
the air supply. Polypropylene webbing has been 
utilized in the harness, since failure from 
chemical attack (on nylon) has been found more 
common than failure from heat. 

The frame is designed so metal parts Fold the 
cylinder to the frame. Both hi^i and low temperature 
exposures increase the risk of failure of plastic 

parts. However, plastic is desirable for its 

■ (( 

light weight, ruggedness and flexibility under nonr^^ 
conditions. By combining it with metal in a 
composite assembly, a safe, light, functional 


assembly results. 
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Appendix B 

( 

CAli^ULATIONS 


Firefighter's Breathing System 


STRESS CALCULATIONS t 


CNTRODUCTIONi 


Three types of loading should be considered in designing the 
subject system. First, euid of most importance, is the result 
of internal pneumatic pressure in the high-pressure portion 
of the breathing system. Second are the loads created by 
attaching the various components to each other and to the 
man's back. Third are the miscellaneous loads due to handling, 
shipping, dropping and manufacturing. Some of the components 
are subjected to all three loadings. 


Stresses created by pneumatic loads will be computed at 
burst pressure of 2 ^ times the max. operating pressure of 
4500 psig (11,250 psig) . ==^^Unit stresses will also be computed 
at max. operating pressure of 4500 psig. The margin between 
these stresses auid the allowable for the material involved 
will be -available for resisting shipping and handling loads 
as mentioned above. 
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GENERAL ; 

Cylindrical sections with substantial internal pressure will 
be treated as thick-walled cylinders wherein the maximijun 
hoop tension stress will occur at the inside surface of the 
cylinder wall. The stresses will be calculated by the foilowing 
formula; 

(Page 477# Puller & 

MAX P|; = Px (r? + r,) / (r? - ri) Johnson, Applied Mechanics 

^ Wiley) 

where; P^ = Max. hoop tension stress at inside wall in psi. 

Pj^ = Internal pressure in psig. 

rx ” Inside radius 

X 2 = Outside radius 

Stress allowables are taken from MIL-HDBK-5A and QQ~A-367d. 
Materials and stress allowables will be noted with each 
component discussed. 
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CYLINDER VALVB. PAt 27238 

Body material 2014-T6, alto 2024-T4 or T351. 

Mechanical properties 2014-T6 die forgings not parallel to 
forging flow lines per QQ-A-356C. 


Ftu 

ultimate tensile 

52000 psi 

fty 

yield tensile (1; 2% offset) 

42000 psi 

Alt. 

matl. 2024-T4 and T351 per MIL-HDBK-5A 


^tu 

ultimate tensile (transverse) 

54000 

Fty 

yield tensile (transverse) 

37000 

Fsu 

ultimate shear 

37000 

e 

percent longitudinal 

10% 

e 

percent transverse 

2% 


Area "A** See Fig. B-1 
I. Do - .580, O. Do - 1.0 

For burst pressure of 2.5 x 4,500 = 11,250 psi 
H 2 UC. hoop tension stress at "A" 

P^ « 11,2^0 (psig) X (.29^ + .5^)/(,29^ - .5^) > 22,600 psi 
Max. hoop tension unit stress at inside wall. 

There are no mechanical loads to b^ considered in this area. 

' fj 
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Area "B" 

I, D. - ,53 (basic pitch) O. D, = 1,0 

• 11.250 psig (.265^ + ,5^)/(,265^ - .5^) = 20000 psi 
Max. hoop tension unit stress at inside of wall due 
to pneumatic loads. 

In addition to the above, there is the radial component 
caused by the 60° threads resisting- the axial load 
o-f the 11.250 psig against the #27260 stem guide. 

Seal area for . 64_^ diameter - .321 sq. inches. 

.321 X 11250 » 3610 lbs. axial load. The stem guide 
will be torqued to exceed the 3610# axial load. 

Use 5000 lbs. axial load for calculations (about 30 
ft. lbs, torque per E.S.N. A. torque tables), 

5000 lb. X tan 30^ ~ 2885 lbs. radial load which will 
be distributed equally over the .29 inch length of 
threads. 

thread area - .53 (pitch dia.) If x ,29 - .481 sq. in. 
2885 / .481 » 6000 psig equivalent pneumatic load. 

This equivalent pneumatic load createsj^a hoop tension 
unit stress of = 6000 psig (.265^ + ,5^)/ (.265^ - .5^) 
» 10.650 psi. 20.000 + 10.650 » 30.650 psi unit 
stress combined total. This is 17% below the yield 
allowable of 2024 and at this burst pressure no handling 
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At the max. working pressure of 4500 psig« the above max. 
unit stress will be reduced by the rati# of 4500/11250 or to 
12250 psi unit stress. This leaves about 67% of the yield 
allowable for external applied loads. 


No other areas of the valve body are critical structurally 
from an internal pressure standpoint. 


Area "C" 

From loads created by rough handling, shipping, ^dropping, etc. 
this area is critical in bending as it is the weakest section 
and subject to the largest moment arm. To the tensile loads 
caused by the bending moment at this section must be added 
the longitudinal pneumatic loads created by the differential 
pressure across the "O'* ring at area **A". 



The seal eurea at A is (.64 diameter) .321 sq. ih^- liOngitudinal 
load is .321 x 4500 psi ■ 1440 lbs. T^e cross section area 
at “C- = ^,437^ - "^.250^ = .405 sq. in. 


1440 / .405 ” 3560 psi unit longitudinal stress. Reducing the' 
37000 psi allowable yield tensil by this 3560 we have 33440 psi 
to resist bend inq moments at this area "C. '-Section modulus 

. . A 


1 


J *"iA. 
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at "C“ * l/c » 7T‘/4 X /R = .0585= Maacimum allowable 

bending moment = Pty = Sl/c = 33440 x ,0585 = 1955 inch pounds, 
The maximum moment will result f a force applied at the 

‘Or 

on-off knob. The maximum arm would be 1,6 inches. 1955/1,6 = 
1222 pounds max, i^oad which can be applied to on-o££ knob. 

Actual wt of charged cylinder & valve 19.4#. 1222/19.4 it 63 g 

.V 'Vi. ' 

loading allowable. If the charged 6pcu. ft. cylinder were, 
dropped and stopped by the knob« it could be decelerated at 
(1220/19.4) 63 g without yielding the valve body. Based on 
an ultimate of 52000 psi, the max, allowable moment would be 
2830 inch pounds, or 2830/1.6 =r 1790 pounds load at knob. 
1790/19.4 = 92 g max. deceleration & c 

Loadfji in the same area as above could cause bending of the 
27258 st€oa where it is supported by the stem guide. The stem 
is, .304 inch diameter and made of 303 CRES Condition A. 


Mechanical properties " are s (MIL-KDBK- 5A) 
Ftu ^ 75000 


®‘ty 

Pbu 




30000 

35000 
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Section modulus of stem Z l/c = IT r^/4 - .0027, 

Maximum az-'u possible on stem extension is .56 in. 

Maximum moment at yield = m = Fty i/C » 30000 x .0027 ’ 

M = 810 incb. pounds 

810 inch pounds / . 56 arm = 1445# maximiom load at yield 
Based on ultimate max. load would be 75000 x - 0027/- 56 = 

3620# at failure. 

Gage guard (27261) loading. 


-Q90 

thick. 

1.25 wide, 1.12 arm, 2024T4 



^’€u 

ultimate tens'il transverse 

'' 

63000 

psi 

S'ty 

yield 

tensil transverse 

42000 

psi 

^cy 

yield 

compression longitudinal 

39000 

psi 

^su 

shear 

' 

37000 

psi 


Based on compressive yield at 39000 psi: 

bh^ 

section modulus Z = — ” = 1.25 x .092/6 » .0167 

6 

max. allowable moment M =-;.4^cy ^ ^ 

M = 39000 X .0167 — 660 inch pounds 

• -Max. -arm for* loading this section is.1.,6. inches. 
660/1.12 = 590# max, load at end of guard bo cause yielding. 
Load required to ultimate failure is meaningless as the guard 
would deflect and strike the gauge long before it would break. 
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590/19o4 lbs, = 30.4 g at which cylinder valve as sembry can 
be decelerated if dropped. 

With a minimum efffbrt, expense and a weight increase of only 
,02 pound&;=£>the bending stiffness of this guard can be doxibled 
if field observations indicate such a requirement. 

/x i-r, 

No oti^er area of J^e^ valve ’body or Smarts is qritical from a 

I ■ ■ ’ V, ' „ t 

structural standpoint. " 

HOSE COUPLING ASSEMBLY. P/N 27239 (see Figure B-2) 

Elbow - Material 2014-T6 alternate 2024-T4. Same mechanical 
properties as listed previously for valve body. ,, 

From a pneumatic loading condition, the worst case condition 
is hoop tension at pitch diameter of pipe threads near tip end 
of nipple and hose fitting. 
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Pitch diameter is .48 inches 

O. D. is .938 inches 

Max. = P (r^ + )/(rJ - 

E = 11250 psig (. 24^ + ,47^(24^ - .47^)= 18,000 psi 
Tap drill is .437 I. D. so stress will be less in the 
area beyond threads. 

Worst case from mechanical loading will occur in bending at 
minor diameter of pipe threads of nipple at junction with elbow. 
Minor diameter is .456 inches and bore is ,156 inches. Material 
2024-T4. Net area at this section is 114 sq. in. Section 
modulus Z = l/c = 77'fR^ -r^/4R = .0091 

aV.- 

Max. moment M = x l/c 

Failure (yield) would be on compression side P^y =32000 

Max M = 32000 x .0091 = 291 inches lbs. (at zero internal, 

, air pressure) 

Ultimate failure would come as a result of longitudinal stresses 
due to pneumatic loading at 4500 psig which amount to less than 
1000 psi unit tensile stress and the tensile loads caused by 

bending.. . . . . . . ; . 

Max. moment in this case would be; 

Max M = (62000 -1000) x .0091 = 555"# 
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The 1/8 in. pipe nipple end o£ the hose sees the same loading 
conditions as the above nipple; however, it is made from one 
of "he free machining cold finished low parbon bars. The 
allowable for this material is substantially higher than the 
allowable of the 2024-T4. 


II 

fi 

u 
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PLATE FITTING - HIGH PRESSURE TUBE TO PRESSURE REDUCER. 


A. 

A 


Formula from Machinery *s Handbook , 17th Edition, 
1966; Erik Oberg & F. Jones; Page 1050, 1051 

Handbook H-28, Part I ; U, S. Dept. Commerce 
National Bureau of Standards (1969). 



B 


-32 (Qt-t 4 ) 



a) Le - length of thread engagement (inches) 

L. » — — 

uu 4 iee.e.: Ajt ^“31. ~ .pi 40 nj*" /^ T^ttue 2-8 

E-5M.il ■ TD'iik ExiT+ifr = (M y$\.*T^^c.e -P 21 

tCfcJ K MAx Dies lu-j-TT+io .131 jH ~Tft.a l£ g 7 1 

Lg = , MiK) ^■'£Q’C> 


I 8 S iM. M llO *^fec»VtD61> 




b) As ~ Shear area ext. thd. 

A* ~ TTot, L. 4 K>v ‘ 57735 C £9 Mav^"2 1 1 \ 

A* - , 02 s Itj** y a-~AuJL€'S>^ ^ 

c) An - Shear area of int. thd. 

Akn = t(*v'- Lfl. ^" 2 'T*-'*’. 5775 s ^ Da M i»i - 

- Ds = MAto^ H'rtsr Trto = , 1 5 l \ 2 .1 1 

E-^w kAAx s MAv PiTcit bift lutTitft - .\4-75 /^ T<\&yg ?.ZLi 

. o4 (4C? ( AuOM<*JuM So&y'I 



I 


i 
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d) J - ratio strength ext to int thd 

^ ^Tgft 06 Tw ~n*& .) 

{A'*vXt«usic£ Stiebw 6 th op Iwt.Tho 


^ _<loZsX 8OOO0) 

^ J ... * 


iZZH 


^04-(46X.7oooo 

*77^ i.O "rne£ef^i>jee ^ 4^. 


e) Ws - max load @ burst press. 

vv* PA « ('450oX^'Sy.io^) 

W ® lb/ 4- 

Ws - 30fe> .5 ( b / ee\b=^^ ' 


f) . .Screw stress 


goto, 5 
. Oi4 


gi S9Z • 

(Soooo ?'A^ VlKX Av-«-ow.>.) 
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At the max. operating pressure at 4500 psig, the per screw 
load would be (306,5#/2.5 (burst factor)) 123 pounds or 
123/, 014 sq, in. == 8770 psi unit stress in each screw. 
Allowable total tensil for each screw is 80000 x .014 sq. in. 
« 1120 lbs. 1120 lbs - 123 lbs = 1000 pounds per screw 
remaining to resist mechanical handling loads, 


Max, load on, screw will occur when moment is ^plied to hose 


f itt^|f at ,;,45^ angle 
with hdle pattern.^ 

,Scr,ew A will hfe & 
loaded. Moment 1.0 jcj 1000 = 
lOOO”#^ Screws B & C 
will be half loaded. 

Moment 2' screws x 
. 5 arm; x 500# - 500"# 





Total resisting moment = / # 

X- 

1000 + 500 = 1500 in. lbs. 1,0 /C 

J.5 x'N-'— SCREW B, 

V' ' ' ■ ' 

The fixity at the ends of this high pressure line and the 

■ 

■ 

flexibility of the short connecting hose make a quantitative 
analysis impractical; however, it is apparent that a 250-pound 


\ 
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man could be lifted or dragged by grasping the high pressure 

hose and pulling in any direction. 

!■ ■ . '1 

The guaranteed breaking strength of the polypropylene webbing 
in the harness exceeds 2000 lbs. for the 2" and 1000 lbs. for 
the 1" . All buckles and attachments structurally exceed 
their intended loading. 
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DIAPHRAGM STRESS - PRESSURE REDUCER DIAPHRAGM @ BURST PRESSURE 





r F’tearS!*. 

C * CouvoLOrxotJ UJiDTri (isjJ * -I2L5 

» IMCH Ci mcok^Ftf 
Sj. ' Fioei^Sjat^s^ (V^O 

Fl^-o 

2 fvt* ('P-'XaX'^) , 

^Fjt = >39.4- Ib/fuci-i C'ec, 

‘ft- ,H.7 lb/ [«s)CH Ciac. 

V' — ■ — , 


Let* O ' Kle Of "BSES lw<H Of CTtRCU^'. , ' (4S sS^ 

L%T Af-» Cf’oss S’eoTiOfJAw SAgh F, 15^13. SS 

TWCu- r O /JtttBC ^A;t * T‘’T<^'- Keerit C'V* J ,, 

Tmsu - S-f/ "" 
: ; ■ ■ ■ 

- Mil - gzos ^A^ 

Y - ^ -p s ^ 

{ ^7000 ps.1 MiO FiOfcK. teustLE ] 
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SHRAR AREA & STRESS OF PRESSURE REDUCER SEAT INSERT 

kjp 



fTre^ Zj. ^ 


tA/4Q^S : ZPy/3‘. S3S‘4^Tfi0L6^.ro 

iS-n. ~ . /u^ /AJ a; 


^ :m 

Wj/£es’ /^/ 

- f/'^ % . ///A^ ^ 

(y^?, 000 /:\iy 
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FLOW CAliCUIATIONS 
PBS VALVE SIZING 


Dimeters determined using 


u7_ €>.30 c<a^(Si?^ y? 
^ *1/ 53.34 ‘"fABs 
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iCEL" 


air flow calculators 





Flow (ibs/sec) ‘‘ 

Flow coefficient (0.6.5 to 0.8) 

Inside diameter of valve seat 
(inches^ ; 

Upstreati absolute pressure (psia) 

’’r- ' ■ 

Downstream absolute pressure (psla) 
Absolute ^temperature (°R) 
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PRIMARY CIRCUIT 





Cylinder valve 

High pressure hose or tube fitting 
1st stage (primary 90 psig) 

Check valve 

IiOW pressure hose fitting 
Breathing regulator 


BACKUP CIRCUIT 











I ® 

I ® 
I ® 

I 


Cylinder valve 

High ^essure hose 

1st stage (backup - 125 psig) 


Check valve ,«^f . 

L. P. hose 
Breathing reg. 
Automatic actuatbr 




Cylinder actuator 
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REMARKS 


Hose pressure drop 
verified by test 


liO psig 

.178' = regulated dia. 
.125 - flow port 

* Based on projected 
1st stage regulator | 
performance. . 

Hose pressure drop 
verified by test. 

'■ . * 

Valve sized larger 
lihan required to 
reduce stroke. ' 


I 
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1.0 ( ^STRACT 

^|iis report presents the results of a series of 

dejj'elopraent tests performed on the Firefighter " s 

] 

Breathing System (FBS) # Scott Part Number 2121 %, 
Revision A. The tests performed were a full series 
of both functional and environmental tests that 
would show that the FBS met the design and performance 
requirements of NASA Specification Number FBS-SP-001, 
Revision "2, 

The unit successfully passed most of the tests 
although high and low temperature operation and 
impact shock, caused some problems. It can be 
concluded that the final configuration of FBS 
meets the intent of the NASA specification and is 
both safe and suitable for its intended use. 


Page 2 


GENERAL 

Item Tested , 

Firefighter ' s Breathing System - Scott P/H 27275, 
Revision A, Serial Number 002. 

Appl icable _ I>OGument s 

The following documents are appl i cab le'i^to the extent 
specified herein; 

NASA 

Specification FBS-SP-001, Revision 2, dated 
November 3, 1971. 

MILITARY 

. MIL-STD-810B "Environmental Test Methods" 

COMPRESSED GAS ASSOCIATION 

"Commodity Specification for Air", 

Number G-7.1 

SCOTT AVIATION 

Engihderiiig Report No. ER-1027, "Development 
Test Procedure for the Firefighter's Breathing 
System", Revision B dated 8 February 1974. 
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3.0 TEST PROGRAM 

3.1 Procedure 

■jj: All tests were performed in accordance with the 

Scott Aviation Test Procedure Ktainber ER— 1027, 

:| Revision B. This procedure is incorporated as a 
part of this report as Exhibit I. 

3.2 Data 

All data sheets appear in Exhibit II. 

3.3 Test Performance 

All tests were performed by Scott Aviation except 

fpt Sand and Dust and Impact Shock which were 
performed by Dayton T. Brown, Inc., Long Island, 
NewVork. The reports of these tests appear in 
Exhibit IV. 
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4.0 TEST RESULTS 

4.1 SEQUENCE 1 -- (TABLE II, ER-1Q27) COMPONENT TESTS 

4.1.1 Overpressurization Protection 

The fusible plug which is assembled to the cylinder 
valve was removed and subjected to the overpressurization 
test as defined in Paragraph 4.12 of ER-1027. The 
fusible alloy melted as required at 220°F. The 
frangible disc burst at 4100 psig. Since this 
pressure was below the 4500 psig minimum, some 
supplemental tests were performed. At room 
/ temperature (TO'^F) the frangible disc, without 

the fusible alloy backing, burst at 4500 psig. 

4.1.2 Proof Pressure 

The FBS assembly was subjected to the Proof Pressure 
Test deiscribed in Paragraph 4.4 of ER-IO 2 7, Following 

’ \f ' i'j 

this exposure, the unit was subjected to the Static 
Plow Test of Paragraph 4.15,1 of ER-1027, No damage 
was noted as a result of proof ^pressure , 

4.1.3 Mask Weight 

0 ' ■ 

The f acemask/breathing regulator/low pressure hose 
assembly was Veighed hnd was found to be 1 lb. 1 oz. 
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4.1.4 


Mask Leakage - IN 


Mask Leakaqe - OUT 


Since this series of tests is rather complex in 

i 

both procedure and result, they have been addressed 
separately in Exhibit III of this report. 


Pressure Gaqe Accurac 
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res^nse during dynamic flow ^conditions appear 
with the data .sheets in Exhibit II of this report. 

4.2.2 \ Response Time 

It can be observed from the data obtained in 
Paragraph 4.2.1 (Dynamic Plov/ Requirements) 
that (a), flow into the faeemask ceases prior to 
cracking of the exhalation valve, and (b) fa%emask 
pressure does not drop below the minimum of -1.5 

inches of water at 257 1pm NTPD peak flow. 

• . ^ ^ ^ } 

4.2.3 Puree Flow ,/ ^ 

The PBS was subpected to the purge flow requirements 
series of tests defined in Paragraph 4^3 of ER-1027. 
> The unit delivered the required’ amounts of breathing 
gas at the proper mask pressures during both static 
and dynamic flow conditions. A maximum inhalation 
resi^^ance of -1,0 in. H-jO and a maximum exhalation 
re^l'stance of +4,5 in. H 2 O were experienced at the 
dyn^ic flow condition of 476 1pm NTPD peak flow. 
Specific ^results along with recordings of the unit 
response duringr;^ dynamic flow conditions appear in 
Exhibit II of this report. 


S' 


ER-1041 


Page 7 


4«2.4 System Weight 

The system was weighed and the results were as 
follows : 


Valve Assy, including lock ring 


and seal , 

.85 

lb. 

High pressure hose 

.80 

lb. 

Pressure reducer 

1,80 

lb. 

Breathing regulator & hose 

.62 

lb. 

Facemask 

,61 

lb. 

Harness & Frame Assembly 

3.50 

lb. 

Total FBS Weight (less cylinder) 

8.18 

lb. 


4.2.5 Operating Leakage 

The system waschdcked for operating leakage as 

defined in Paragraph 4,13 of ER-fl027. No leakage 

, ■ , ^ ... 

was found. „ 

4.2.6 Stored Leakage ^ ' 

;• '' ^ 

The cylinder valve/cylinder assembly was tested 
for stored leakage characteristies as defined in 
Paragraph 4.21 of ER-1027. No leakage was founds 


\\ 
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4.2.7 


4.2.8 


4.3 U 

V\ 

W 

4,3.1* 


Warning Actuation 

The PBS was subjected tb the warning actuation 
test as defined by Paragre^l? 4. 22 of ER-1027. 

The low pressure alarm actuated at a cylinder 
pressure of 850 psig. 

Warning Signal Freguency and Intensity 
The PBS was subjected to the warning signal frequency 
and intensity test as defined in Paragraph 4.23 of 
ER-1027, The alarm provided.^a peak signal intensity 
of 103 dbA and frequency 'of 3570 Hz at a flow of 
55 1pm NTPD. 

SEQUENCE 3 - ENVIRONMENTAL TESTS 
Hidh Temperature Operation 

The PBS was subjected to the high temper atur'<^ . 
operation t^est a)s defined by Paragraph 4,15,3 of 
ER-1027, The static flow check to cheek unit, 
operation at high temperature showed that at specific 

negative mask/pressures the flow had dropped and 

/ 

also the alarm whistle never operated properly. 

Only a slight chirp was detected with an actuation 


iz^ressure of 640 psig. No leal<(:^ge or physical 
damage was noted. Subsequent - failure analysis 


ER-1041 


showed that the pressure reducer regulator springs 
had relaxed as a result of exposure to high temperature. 
Corrective action for this problem is to hot so^ 
all springs before assembly into pressure reducers. 

The pressure reducer of’ the development test unit 
was brought back to the proper output pressures 
by shimming. The high temperature 

■'i> 

operation test was again performed with no problems 
in operit^bn noted.. However, a cylinder and cylinder 
valve as seiribly fully charged was also placed in’ the 
chamber for exposuire to high temperature and was ^ 
found to have leaked all stored gas to atmosphere. 
Investigation showed that the fusible alloy which 
backs up the burst disc in the overpressurization 
protection device had experienced a "creep" d<eformation 
while at^ 200®F. Since pressure in the cylinder had 
increased to approximately 4500 psl.g, the burst 
disc then craCked allowing the stored gas to slowly 
escape. It is concluded that the cylinder charged 
to 4000 psig cannot be stored at 200^F. However, 
during use of the apparatus' at 200°P, the rate 
reduction in^^ressure from use would be greater than 
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the increase due to the heat input. A maximum 

C * 

storage teittperatiire of 165°F is indicated. A 
/ cylinder and valve assembly charged to 4000 psig 

was exposed to 165°F for 13 hours and exhibited no 
leakage or extrusion of the fusible alloy; 

4.3. 2 Lbw Tentperature Operation 

The FBS was subjected to the low temperature 
operation test as defined by Paragraph 4,15.2 of 
ER-1027. The static flow check at low temperature 
(-60°F) revealed noinnal flow characteristics but a 
low alarm actuation pressure (740 psig) , When the 

i': 

unit was first pressurized to 2000 psig, leakage 
was found in the low pressure hose disconnect and 
’ gas flowed from the vent holes in the side of the 
pressure, reducer. The low pressure hose was found 
/ to be very stiff- No other visual defects were noted. 


The low temperature operation test was rerun at a 

temperature of -48®F. The 3^w pressure hose 

■■■ 

I 

disconnect leaked and the low pressure was 

stiff. 
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A third low temperature operation test was performed 
at ‘!-40 °Po The only defects noted were a stiff low 
pressure hose and the dust plugs in the side of the 
pressure reducer loosened and fell out. The test 
at -40®F was considered successful. 

4.3.3 Relative Humidity 


The PBS was subjected to the relative humidity 
test as defined by Paragraph 4.15.4 of ER-1027. 

The unit operated with no degradation in performance 
after 120 hours esEposure to the prescribed humidity 
cycle- However, the following physical defects were 
noted; 

a) There was corrosion on the wciist bucGcle, but 
its operation was unaffected, 

b) The ferihales and the fitting (1/4” pipe end) of 
the high pressure hose were corroded. 

c) There was corrosion around the swivel fitting 
of the breathing regulator, 

d) The heads of the ca&nium platted screws on the 
back frame were corroded, 

e) There was moisture under liie gage lens. 


■ 




I 
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After the unit was conditioned at 77°P and 60% 
relative humidity for 13 hours, the moisture 
disappeared from under the gage lens, The corrosion 
did not 'affect the operation of the system. 

4.3.4 Salt Fog 

The IBS was subjected to the salt fog exposure test 
as defined by Paragraph 4,16.1 of ER- 1027. The 
unit operated with no degradation in performance 
after 48 hours exposure to the prescribed salt fog 
environment. However, the following physical o 

defects were noted s 

. a) Moisture appeared under the gage lens. 

•'V '/ ■ 

b) The corrosion that had started during relative 
hvimidity continued, but to a lesser degree. 

c) There was a small leak from the low pressure 
hose disconnect . 

After a 48 hour drying period, the FBS was checked 
for perfo,rmance with no problems noted. The moisture 
had disappeared from tnder the gage lens. 

4.3.5 Sand and Dust 

The FBS Was subjected to the sand and dust exposure 
test as defined by Paragraph 4.16.2 of ER-1027. 
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4.3.6 


The unit operated with no degradation in perfontiance 
after exposure to the prescribed sand and dust 
environment. No physical defects were noted following 
this €est. See Exhibit IV for Dayton T. Brown, Inc. 
Laboratory Report of this test. 

Impact Shock 

The FBS was subjected to the impact shock test as 
defined by Paragraph 4.16.3 of ER~1027. The results 
of each drop follow, orientations are shown in 
Figure 11 of ER-1027. 


Drop #1 a) The gage lens popped out ; 

b) The bar above the gage was bent 
down contacting the gage? 

c) The cylinder surface was scratched 
but not severely. 

Drop #2 a) The cylinder valve handle was 
• . broken; 

b) The surface of the cylinder was 

. ■ ' ' ' ■ 

scuffed again. 

Drop #3 a) The retainer tab on the cylinder 

valve was straightened? 
b) Cylinder scuffed again. 


1 
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Drop #4 The threaded nipple of nhe cylinder valve 
broke at the root of a thread which 
would render the unit out of service. 

Drop #5 o The cylinder strap of the back pack 
opened and the cylinder partially 
separated from the unit . 

Drop #6 a) Five screws were sheared from the 

cover of the pressure reducer? 
b) The cylinder was gouged; 
e) Th6 pressure reducer was dented in 

II . ^ 

two places by the cylinder strap, 

d) The cov^j of the breathing regulator 
was slightly crushed. 

e) The left shoulder strap and the 
waist „belt were partially cut. 


The only conditions which would be considered 
hazardous were the breaking of the cylinder valve 
nipple and the shearing of screws from the cover of 
thgi pressure reducer. A subsequent redesign was 
undertaken to eliminate the aforementioned conditions. 


J 




i 


l 

I 

I 
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!: 

. ' ■ ' , ■■ ■ , V 

a) The direction of grain structure in the aluminum 
of the cylinder valve was arranged to run parallel 
to the axis of the outlet, 

b) The valve nipple was shortened to allow the 

,.T,' 

hemd disconnect to locate closer to the valve 
body, 

c) A plate was installed between the backfrarae 
and pressure reducer to prevent the cylinder 
strap from contacting the cover of the pressure 
reducer. 

d) The material of the probe in the high pressure 

hand disconnect was changed from aluminum to 
stainless steel, ' 


NOTES After completion of development tests up 
through and including Sequence 7 "Burst Tests", a 
second series of impact shock tests were performed 
to verify the effectiveness of corrective action 
taken. The following results were observed s 

Drop #1 a)‘. The gage lens popped off; 


(>/ 


' > i 1/ 

b) The gage case was /oeformed by bending 

■ L / . 

of plate overhanging^ gage; 

V'- . 

c.) Gage inoperatw'e. i - 

Drop #2 Cylinder valve handle cracked. 

Drop #3 The br earthing regulator was stored in 
the pocket of the waist belt and was 
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subsequently destroyed when the back pack 

apparently fell onto it. Gas flowed 

0 

from the low pressure hose but since 
it did not whip around, it was not 
considered hazardous. The cylinder valve 
was then closed and the test continued. 
Drop #4 The resin coating on the outside of the 
cylinder at the dome end appeared to 
have cracked but did not appear hazardous . 
Drop #5 a) The low pressure disconnect on the 

pressure reducer was badly deformed 
and would not operate, 
b) The cylinder strap popped open and 
would not reclose tightly* 

Drop #6 a) cl^linder valve handle broke into 

many pieces; 

b) Gage face s\^parated from gage. 

c) Cylinder strap popped open. 

The above defects, although .rendering the unit 
inoperative, were not considered hazardous to others 
who may be in the area. 


!l 


ER-1041 


Page 17 


4,4 SEQUENCE 4 - USEFUL LIFE TESTS 

4.4.1 High Pressure Hoise to Cylinder Valve Connector 
The high pressure hand disconnect vas connected 
and disconnected from the nipple of "^e cylinder 
valve as defined by Paragraph|;,4. 19,1 of ER— 1027. 
After 4500 total cycles, a leakage of less than 
1,0 cc/inin, was ^etected in the vent hole. This 
was corrected by tightening the set screw holding 
the 0-ring on the probe. No leakage was detected 
following 5000 total cycles. Visual inspection 
showed that some of the teflon coating had worn 
from the mating threads. No other damage was noted. 

4.4.2 Low Pressure. Hose to Pressure Redader Disconnect 

“ ” -Ln— 1 iT-- 

The low pressure nose/pressure reducer disconnect 
was mated and separated IQOO times as defined by 
Paragraph 4.19.2 of ER-1027. Following 1000 cycles, 
a leakage of approximately 2 cc/min, wns detected. 
Investigation showed that the 0-rihg inside the 
disconnect was badly worn. This replaced and 
the leakage was eliminated. 


> 
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exhalation valve showed no degradation in performance; 

(c) that although total flow at specific demand 
pressures had reduced somewhat, it was still well 
above minimum requirements. 


!Ehe unit was then disassembled and the following 

observations made; S 

(a) The body of the b^athing regulator was 
cracked in two places. These cracks are 
suspected to be a result of the impact shock 
test performed earlier. 

(b) The demand valve shroud was cracked at the 
bend nearest the left screw hole. When 
removed, it separated into two pieces. 

(c) The diaphragm appears in good shape along with 
the exhalation valve. 


J 


(d) The pivot of the demand valve was worn causing 
a reduction in valve stroke. 

(e) The slide valve for whistle actuation required 
some lubrication. 

(f) Generally, the unit showed little wear and 
was somewhat dirty inside. 
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4.4.3 




4.4.4 


Breathing Regulator to Facemask Connection 
The breathing regulator/faceiaaslc connection was 
mated and separated 5000 times as defined by 
Peucagraph 4.19.3 of ER-1027, No leakage was 
detected following 4500 total cycles. After 5000 


total cycles, a le^ of less than 2 cc/min. was 


detected at the right side center of the seal. 

The seal was cleaned and a small amount of Krytox 
lubricant applied. The parts were mated with no 
apparent leakage. Visual inspection did not 
reveal any apparent Wear in the seal. *^e brass 
latch in the mask was grooved considerably by the 

'?r ^ 

head of the locking screw. This did not affect 
latch perfor;rtiance. 



Cylinder Mounting in Backpack 

The cylinder/cylinder valve assembly was subjected 
to 5000 placement/lock- in-place/imlock/remove cycles. 
Visual inspection following cycling determined that 
the only wear point was at the very top of the 
rubber strips which are cemented to the backplate 
and are used to cradle the cylinder- Their function 
was una^ected by this wear. 


.5 
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4.4.5 Operational Cycling 

The gas controls of the F5S; i. e.« the cylinder 
valve« high pressure hose, pressure reducer, low 
pressure hose and breathing regulator were subjected 
to 5000 simulated use cycles as defined by Para- 
graph 4.19.5 of E21-1027. After 2000 total use ^/' 

cycles, the whistle was audible at the start of 
each breath at all inlet pressures above the normal 
actuation point. This was traced to the fact that 
the output pressure of the primary pressure regulator 
had "crept" as high as 110 psig. The regulator 

-I - -yi' 

' seat was replaced and the test continued. At tjii' 

4215 cycle point in the test, the roll pin which 
attaches the cylinder valve handle to 

'■ - ■ -y : 

stem was sheared. This was determined, to^ be,, faulty 

i'l 

test equipment. The roll pin was replaced and the 
test restarted. 

Following 5010 total use cycles and 58075 breathing 
cycles, it was determined that: (a) the' cylinder 
valve did not leak externally or internally; (b) the 
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The unit was reassen&led and then subjected to 
a static flow check and pcrfoznfned with no problem 
evident. 

4 o 4 . 6 Purge Valve 

The purge valve was fully opened and closed a total 
of 5000 times as defined by Paragraph 4.19.6 of 
ER“1027. At the 1000 cycle point of the test, no 

leakage was present but increasing fraction was 

■ \ 

noted in the operation of the valve- At the 1150 
cycle point, only 38 1pm of flow was emitted with 
the valve fully open. The assembly was disassembled 
' and inspected. Wear was found on the mating tdirea^ds 
which resulted in the formation of plastic dust and 
an increase in friction^ There also was some wear 
evident on the contact point of the valve piston 
and pin of the stem assembly. The assembly was 
cleaned and reassembled and the flow set at 150 1pm. 
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4.5 SEQUENCE 5 - PERFORMANCE TESTS 

■ ■ " ■l^l l ll I ■■ ■■■ III 

4.5.1 Flow RequirementB 

O 

The PBS was subjected to the flow requirements series 
of tests defined in paragraph 4.1 of ER-1027. The 
unit delivered the required amounts of breathing 
gas at the proper raasTc pressures during both static^' 
and dynamic flow conditions. A maximum inhalation 
resistance of -2.0 inches of water and a maximum 
exhalation resistance +2.0 inches of water was 
experienced at the dynamic flow condition of 476 
LPM NTPD peak flow. Specific results along with 
recordings of unit resppnse during dynamic f-l.pw 
conditions appear with the data sheets in Exhibit II. 

4.5.2 Response Time 

It can be observed from the data obtained in paragraph 
4.5.1 (Dynamic Plow Requirements) that a), flow into 
the mask ceases prior to cracking of the exhalation 
value and b) . face mask pressure does hot drop 
below the minimum of -1-5 inches of water at 257 

LPM NTPD peak flow. 

4 .3 . 3 Purge Flow 

The PBS was subjected to the purge flow requirements 
series of tests defined in paragraph 4.3 of ER-1027. 
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O 

The unit delivered the required amounts of breathing 
gas at the proper maslc pressures during both static 
and dynamic flow coftditions. A minimum; inhalation 
resistance of -2.0 inches of water and maximum 
exhalation resistance +4.0 inches of water was 
experienced at the dynamic flow condition of 476 
LPM NTPD peaJc flow. Specific results along > with 
recording of the unit response during dynamic flow 
conditions appear in Exhibit II. 

4,5.4 System Weight , 

This test was not repeated. 

4,5.5. Operating Leakage 

The system was checked for operating leakage as 
defined in paragraph 4.13 of ER-1027. No leakage 
was detected. 
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4.5.6 Stored Leakage 

O ^ f?' 

Tb/e cylinder valve/cy4inder valve assembly was 

/-■' 

if tested for stored leakage characteristics as 

defined in Paragraph 4.21 of ER-1027. No leakage 
was detected. 


4,5,7 


)■ 

i; 

■ 4.5.8 




Warning Actuation 

The PBS was subjected to the warning actuatioil test 

i- 

o i; 

as defined by Paragraph 4,22 of Ek-1027. The low 
pressure alarm iactuated a.t a cylinder pressure of 
850 psig. 

■i; 

Warning signal Frequency and Intensity 



The FBS wss subjected to the warning signal frequency 


,/■ 


and iy^tensity test as defined by ParagraJ>h 4,23 of 


// 


Ek“i||£)27. The alarm provided a peak signal intensity 




ii \ ^ .. 

of|'98. dbA and frequency c^f 3570 a flow of 55 

Ipia NTPI>?^'^~ 
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4.6 SEQOENCE 6 ~ COMPOHENT TBSTS (PARTIAL) 

4.6.1 Overpressurization Protee-bion 

The fusible^ ^pi1a^%hich is assembled to the 

' ^ \ - ^ ^ 

/ cy linear valve was i^moved and subjected to the 

, / 

overpressurization test as defined in paragraph 4.12 
of JLr-1027 . The fusible alloy melted as required 
at|^20°F. The frangible disc burst at 4100 psig. 

4.6.2 Pressure Gage Accuracy 

The accuracy of the cylinder valve mounted pressure 
gage was checked following the lift cycling test 
series. Its function and accuracy were unaffected. 

4.7 SEQHENCE 7 - BURST TESTS 

All gas control components of the fbS were subjecteci 
• to the burst test as defined by paragraph 4.5 of 
ER-1027. Visual inspection showed that no 
deformation of any kind resulted. In addition no 
leakage was present when an outward leakage test 
was performed. 

4.8 SEQUENCE 8 - DEMOKSTRATI ON TESTS 

4.8.1 Donnihq/Dof f inq 

' A tra^tned' test subject performed the donning doffing , 
test series as defined in paragraph 4.7 of, EE-1027. 
The' subject averaged 14.5 seconds for a series of 
five donning exercises. The same subject averaged 


ER-1041 


Page 26 


4o8.2 


4o8o3 


4 . 8 . 4 ,, 


4.8.5 


4 . 8.6 


1 , 5 seconds for a series of 'five doffing exercises . 
Startup 

A properly trained subject donned and performed the 
PBS startup procedure as defined in paragraph 4.8 
of ER-1027. No problems were noted during €his 
operation, 

iv'/' ’ ■ 

Oriehtation 

A trained subject wear ihg the PBS performed the 
orientation procedure as defined i_n paragraph 4.9 
of ER-1027. The PBS operated with no degradation 
in performance in all orientations. 

Controls _ 

It was verified that all controls are accessible to 
the wearer and,^.re arranged to minimize the possibility 
of inadvertent actuation as defined by paragraph 
4.10 of ER-1027, 

Pressure vessel Replacement 

A trained subject performed the pressure vessel 
replacement test as defined by paragraph 4.11 of 
ER-1027. The maximum elapsed time to remove and 
replace a cylinder was 58 seconds. '* 

System EnveloTJe 

A subject wearing the PBS over a turnout coat 
performed the system envelope test as defined by 
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4.8.7 


4.8.8 


paragraph 4.17 of ER-1027. It was verified by 
inspection that a), the unit was as closely 
conformal to the Wearer as possible b) corners and 
edges are rounded c) . protrusions are minimired. 
Comfort 

Three subjects wearing the FBS over a <^urnout coat 
performed the comfort test as defined by paragraph 
4.18 of ER-1027. No abnormal reactions were 
experienced by any of the subjects. 



A subject wearing the FBS performed the visor fogging 
test |is defined by paragraph 4.26 of ER-1027. It 
should be noted that^ due to a low temperature 
"chamber malfunction the temperature during this test 
ranged from -6 to -8°F instead of the required 
-20 ±5®P. 

Before entering the chamber the mask lens was 

.-A*-, 

cleaned and treated with a commercial anti-dogging 
agent name4^"l!4agic Lens Cleaning Anti-Fogging Fluid” 
manufactures by the Silicone paper Company of America 
The FBS with a nosecup installed in the mask was 

donned and the subject entered the cold chamber. 

'• '■ ■ 

The mask immediately formed an approximately wide 
band of fog around the periphery near the face seal. 
After the first exercise period this became more 
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i7 


pronounced. Approximately six minutes after entering 
the chamber^ moisture droplets began to form just 
ld>ove and to the subject’s left of the breathing 
regulator connection. The pattern indicated that 
the droplets were being sprayed up from the spray 
bar. 

■■ b " O 

Fogging increased until the 14-minute mark at 
which point the lens was 90% covered. At the 15- 
- minute mark, the nose cup was removed and the lens 
became completely covered. The test was terminated 
at the 17-minute mark. 

The mask was cleaned, dried and treated with ~ 

another anti-fogging compound made by Acme Products, 
Inc. of South Haven, Michigan. The nose cup was 
installed in €he mask, a full cylinder placed in 
the FBS and the test restarted. 

Ho fogging occurred after two minutes in the cold 

I! 

chamber^ .. After 4 minutes, a small band <^f fog ' 

approximately 3/4 inch wide appeared across the 

4 

center of the lens. After 8 minutes the lens was 
completely covered with fog in the center' and frost 
' around the periphery; At the ll-minute mark, the 
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nose cup was removed and all fog and frost completely 
disappeared. A layer of moisture could be seen 
coating tJie inside of the lens but visibility was 


unimpaired. 

minutes. 


The test was terminated after 15 
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(a) 


Revisions 


Letteer/Pate 


A 

6/29/73 Para. 3.9 Conversion Chart 

Added equivalent NTPD . flow for 
125 LPM BTPS. 

^ ^ X\ ^ 

l^ra. 3.6, 3.7 

V Removed reference to Scott Quality 
Control. 

Y Para. 4.1.1, Step 1 .. 

’ Figure 4 changed to Figure 1. 




Para. 4.1.1, Step 3 

Redefined leakage test, was pressure 
decay test. 

if 

Para. 4.1.1, Step 4 

Changed flow of Item (1) from 2.0 
scc/min. to 20 scc/min. 


Para. 4.1.2 

Added flow at -1.25 mask pressure. 
Title changed to include 
.. "intern^diate", , 



Para. 4.1.3 

' Title changed to add "& Static Plow". 
Added static flows at +2.0 and 4.0 
mask pressure. 

. 'D. ^ ^ 

Para. 4.2 ^ 

Change reference frpm Para. "4.2, 
Step 2" €o Para. "4^1.4, Step 2". 


Para. 4.3.2 * 

o Added static purge capability 



Revisions 
(cont . ) 


Para. 4.4, Proof Pressure 

Changed to show proof test on cylinder 
valve assembly. Was cylinder & valve 
assembly. 

Para. 4.5. Burst Pressure 

Changed to sh©i^< burst test on 
cylinder valv#4ssembly. Was 
cylinder & valve' assembly. 

Para 4 . 7 < 4.8. 4.10. 4ol7< 4.16 , 

Added words "wearing a turnout 
coat". 

Para. 4.12 

Revised procedure to burst device 
while at 220°P. 

Para, 4.15 ' 

Removed 4000 psig and added "2000 
& 800 psig" . 

Para. 4.15.3. Step 2# Line 2 

Changed word "low" to "high". 

/ - 

Para. 4.16.3, Step 2 

Added visual inspection following 
each shock. 

Para . 4 . 19 . 3 . i^Vard Leak age , Step 2 
Changed -2.0 to -3.0, '' 

P 2 Ufa. 4.24 Inward Leakage 

item (IJ^alibration to be based 
on was 1500 PPM. 
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(c) 


Revisions 
(cent. ) 


Figure 1 

Labeled Cylinder Valve on schematic. 
Figure 2 

Flowmeter relocated upstream of 
dummy head. 

Figure 5 

Removed "4500 psig". 

Figure 9 

Moved helium sniffer to breathing 
regulator. 

Figure 13 

Added figure to reflect addition 
of Peuragraph 4.3.2. 

■'■’O • 


Data Sheet #1 

Page 1 ~ Step (3) Leakage; 1.5 scc/min. 
maximum added. 

Page 2 Changed title and added data 

for -1.25 inches mask pressure. 

Page 3 - Changed title and added data 
for static flow check. 

Data Sheet #2 

Page 2 - Step (3) flow at 100 psig 
cylinder pressure; added 
111.2 LPM RTPD. 

Data Sheet #3 

Added block for 800 psig inlet 

static flow check. 

Data Sheet #5 

Added requirement for total system 

weight. 
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(d) 



Revisions 

{cont.) 

Data Sheets #9, 10, 11, 12. 13 « 14 
Added blockyfor 800 psig inlet 
static flow check- 


rr/' 


Data Sheet #14 

Added block for visual check after 
each shock. 



Data Sheet #17 

Added columns for both inward and 
outward:, lecikage and ^-dded specification 
limits for each. 

Data Sheet. #19 - ^=5^ 

Added Static flow checl|* at 800 
psig and exhalatiGn\j^5d.ve check 
at +2 and ^4 mask pressure. 

Data Sheet #20.- 21, 22.. 23 

Added specification limits. 


\ 


r>y 

O' 


All revisions were made to reflect changes agreed upon 
at a meeting between NASA and Scott representatives and 
experience with preliminary tests. 
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Revisions 
(cont- ) 




Para, 4,1.1 

Step (1) 4000, was 4500. 

Step (3) Changed 1,5 scc/min. to 
10 scc/min. 

Step (4) 4000, was 4500; cind added 
"above the leakage vaLue 
determined in Step (3} above" 


Para, 4,1.2 

Step (1) 4000, was 4500, 

Para. 4.1.4 

Step (3d) Eliminated "Record the 

pressure at which the low 
pressure alarm actuates" and 
' substituted what was Step (e) 
-'Step (4) Added step. 

Step (5) Was Step (4) ; 4000 was 4500. 
Step (6) Was Step (5). 


Para. 4.3.1 

Step (3d) Eliminated "Record the 

- pressure at which the low - 
' pressure alarm actuates" and 

substituted what was Step (e) 
Step (4) Added step. 

Step (5) Was Step (4). 


Para, 4,3,2 
Step (1) 

Step (2) 
Step (3) 


Removed "a fully charged 
cylinder"; changed Figure 13 
to 5 , 

Added "supplying 4000 psig 
to the system". 

Eliminated "Continuously 
record both total flow from 
the exhalation valve and 
total mask pressure until 
cylinder pressure drops to 
100 psig. Periodically 


O 




(f) 


^visions 
(cont. } 


record on the chart paper 
cylinder pressure." and 
„ substituted existing 
Step (3). 

Step (4) Added. 

Step (5) 4 Vdded. 

Para . 4 . 13 i' 

Step (1) ()4000, was 45(30. 

Para. 4,16,3 

Step (1) 4000 was 4500. 

Step (2) 4000 was 4500. 

Step (3) Eliminated "and then subject 
to the static glow test of 
para. 4.15.1”. 


Para . 4.19.1 


■fo 


4000 was 4500. 


Para. 4.19.5 

^ . Step (2) 4000 was 4500. 

Step (4) 150 1pm was 250 1pm. 

Step (5) 150 1pm was 2o0 1pm. 

Step (7) 12 solenoid was 20 solenoid, 

Para. 4. .21 ' " 

Step (1) 4bbo was 4500. 

Para. 4.22 

Step (1) vfjas “Place the FBS on a user ' 
and start up." 

^ Step ( 2 ) was “Observe and record the 
pressure at which the 
depletion warning device 
actuates." 

Step (3) was "Also note whether the 
device operates on the 
inhalation portion of breathing 
and when the purge valve is 
open." 

I 


I'A. . 


R evisions 
(cont. ) 
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Para. 4.23 

Second paragraph was “Adjust the 
purge valve to obtain successive 
flows of 10 and 75 1pm ISITPD. At 
each of these flows, measure the 
alarm signal and frequency using a 
measurement bandwidth of 500 to 4000 Hz 
Using the breathing machine to obtain 
dynamic flow conditions, again measure 
and record the alarm signal and 
frequency for peak flow cycles of 
257 and 476 1pm NT PD. Repeat the 
• above test series using a measurement 
frequency bandwidth of all frequencies 
except 500 to 4000 Hz. ■ 


Figure 13 

Eliminss^ted (static purge capability) 
Data Sheets 

Revised to reflect above changes. 


All Revision B changes were made during the course of testing 
to either correct errors in the procedure or errors in test 
concept. 

Paul Beraent 
February 6, 1974 
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1.0 IHTRQDUel^IOKr 

. ■ ■ 

This procedure describes a series of functional 
and environmental tests to be performed on a Phase II 
development model of the Firefighter's Breathing System 
(PBS) designed and built on NASA Contract Number 
NAS9-13177 by Scott Aviation. All tests will be 
perfomed under the auspices of the Scott Aviation 
Engineering Department in their Test Laboratory 
or in nearby vendor facilities. 

The overall objective of this test program is to 
furnish the basis for verifying the FBS meets the 
performance and design requirements of the NASA 
Specification. 


Paga 2 


APPLICABLE DOCUMENTS 

NASA Specificatioji FBS-SP-001, Revision 2, dated 
November 3, 1971- 

Titled: "Performance# Design and Cost Require- 

ments for a Compressed Air Demand- 
, type Fireman's Breathing System" 

MIL-STD-810B, "Environmental Test Methods" 

Compressed Gas Association commodity Specification 
for Air, Number G-7.1 
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3.0 

3.1 


3-2 


3.3 


GENERAL 
Test Medium 

The breathing gas used will be pure, dry breathing, 
air conforming to the requirements of the Compressed: 
Gas Association Commodity Specification for Air, 
G-7.1, Type I (Grade D or higher quality). 

Environmental Conditions ' \ 

Unless otherwise specified, the ambient conditions 
for conducting the operational tests herein will 
be as follows: 

(1) Temperature: 77° + 18°P 

(2) Relative Humidity: 90 percent or less 

(3) Barometric Pressure: Local standard 

(28 to 32 inches of Hg) 

Order of Tests 

All verifications to be performed are shown in 
Table I and the sequence of system tests is shown 
in Table II. 


The tests listed in Table I as demonstrations 
shall be demonstrated at the Test Readiness Review 
held prior to proceeding into the development testing 
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The test philosophy used in establishing the test 
seqpaence listed in Table II was to establish the 
tes^s into groups and sequence the test groups. 

The individual tests within any one group may be 
scheduled to allow maximum utilization of test set 
ups, personnel and equipment. 



NASA Spec* 

Scott Procedure 


PBS-SP-OOl 

ER -1027 

TEST 


i 

■ 

Paragraph 

Paragraph 

'v ■ . 

Numbers 

Numbers | 


2 JEST LEVEIi (Component ^nd/or Systom) 


■■ 

Requirements 

sRl^^pon^e Time 

• V, 

fwrge Capability 
Prqof Pressure 
Bur^t Pressure 
System Weight 

Donnihg/Doffing-Dcraonstration 

Staii^up-bemonstration 

(f • 

Orientation-Demonstration 
controls -Demonstration 


Pressure Vessel REplaccmcnt- 
Dbmonstration 


3 , 1 * 1*3 
3 * 1 , 1*4 

3 . 1 . 1. 5 

3 . 1 . 1. 6 

3 . 1 . 1. 7 

3 . 1 . 1. 8 
3 , 1 * 1.11 
3 . 1 , 1.12 
3.ia.l3 

3 . 1 . 1.14 

3 . 1 . 1.15 


Operating Environments 


3 . 1 . 1.16 

3 . 1 . 1.17 



System Envelope-Demonstration 

3 . 1 . 1,10 

4*17 

com 5 or t-Domon a tr at ion 

3 . 1 . 1,19 

4,18 

Useful 

3 . 1 , 1.21 

4.19 

system Leakage 

3 * 1 . 1,23 

4,13 

Pressure Vessel >iounting-Oeinonstration 

3 . 1 . 1,24 

4.20 

Leakage 

3 , 1 . 2 . 1.2 

4.21 

Pressure^ Gage Accuracy 

3 . 1 , 2 . 1.3 

‘ 4.14 

Actuation. 

3 , 1 , 2 . 2.1 '' 

4.22 

Qverpressuriratlon Protection 

3 . 1 . 2 . 1,6 

4,12 

Signal Intensity 

3 , 1 - 2 . 2. 2 

. 4,23 

Signal Frequency 

3 , 1 , 2 . 2,4 

4,23 

inward Leakage 

3 . 1 . 2 . 4.2 

4 . 24 , 

outward Leakage 

3 . 1 , 2 . 4, 3 

4 . 25 

Visor Fogging -Demonstration 

3 , 1 . 2 , 4. 5 

4,26 

Weight 

3 . 1 . 2 . 4. 6 

4,27 


X X X 

X X X 


X X 

X X 


X X 
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Sequence of Testing 

Procedure 

Seouence 

Test 

Para. No. 

1 

COMPONENT TESTS 



Overpressurization Protection 

4.12 


Proof Pressure 

4.4 


Mask Weight 

4.27 


Mask Leakage - IN 

4.24 


Mask Leakage - OUT 

4.25 


Pressure Gage 

4.14 

2 

PERFORMANCE TESTS 



Flow Requirements 

4.1 


Response Time 

4.2 


Purge Plow 

4.3 


System Weight 

4.6 


Operating, Lecikage 

4.13 


Stored Leakage 

4.21 


Warning Actuation 

4.22 


Warning Signal Intensity 

4.23 


Warning Signal Frequency 

4.23 


3 

ENVIRONMENTAL TESTS 



Low Temperature 

4.15.2 


High Temperature 

4.15.3 


Relative Humidity 

4. 15.4 

. ■ 'Y 


Salt Fog 

4.16.1 


Dust 

■ 4.16.2 


-Tmpaet'^hock 

4.16.3 


static Flow Test (performed prior 4.15.1 
to and after each environmental test) 
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TABLE II 
(cont. ) 


Sequence -Teat 

4 USEFUL LIFE TESTS 

Life Cycling Test 

5 PERFORMANCE TESTS 

Same as Sequence 2 

6 COMPONENT TESTS (PARTIAL) 

Over pressurization Protection 
Pressure Gage 

7 BURST TESTS 
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Procedure 
Peura. No. 


4.19 


4.12 

4.14 


Burst Pressure Tests 


4.5 
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Test Instrumentation 
Accuracy 

The accuracy of instruments and test equipment used 
to control or monitor test parameters specified 
herein shall : 

(a) Conform to laboratory standards whose calibration 
is traceable to the prime standards at the 

U. S. Bureau of Standards. 

(b) Have an accuracy of at least one-tenth the 
tolerance for the test article variable to 
be measured. 

Calibration and Certification 

Prior to starting any; .test# Test Engineering shall 
review the instrumentation to ascertain that: 

(a) Calibration .and certification have been accomplished 
and are valid. 

(b) The calibration time period will not elapse 
during a test of long duration. If this 
possibility exists, the applicable instrument 
will be replaced by one with a more recent 

■ • • V, 

calibration date. 
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(c) Equipment, such as strip chart recorders, have 
been checked for proper operation and accuracy 
prior to starting the test. These instruments 
shall also be checked periodically during 
testing to ensure that drift has not exceeded 
the specified tolerance, 

3.5 , _ Static Flow Test 

A static flow test to determine the development teat 
hardware is performing within specification tolerances 
will be performed before and after each environmental 
exposure. When the tests are conducted in series 
with no significant time interval between tests, / 

"■Vv. 

the test after an environmental exposure will serVe 
as verification of proper performance before the 
succeeding environmental exposure. ' 

'--i?est Nctification 

' ■ ■■ ■ 

DCAS personnel shall be notified a minimum of three 
(3) days in advance of testing. 


3.6 
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3.7 Test Ricror 

•The Development Test Program will be performed^ 
under strict control o,f environments and test 
procedures contained herein. Adjustments or tuning 
df the test hardware will not be permitted during 
these tests unless it is normal to in-service operation. 
Control shall be enforced by the witnessing of 
tests by DCAS personnel. 

In the event of noncomplianca with any of the 
requirements of this procedure, the NASA Technical 
Monitor will be notified of the nonconformance, any 
changes or adjustments made to the. test hardware 
and the recommended retest prior tp continuing /f 

the test program. • % 

3.8 Test Loc 

A test log will be kept on the test hardware, 
beginning with the formal demonstrations at the Test 
Readiness Review and continuing chronologically through 

O. " 
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the test ..program. The log book shall accontjoany 
the test hardware and account for all periods of 
time including idle periods. The test log is 
intended to supplement the test data sheets- The 
log e;iitries shall be complete, self-explanatory 
and include, but not be limited to, the following: 

(a) Date and timevtpf entry; 

(b) Identity of test or inspection; 

(c) Environmental data (if not included on" test 
data sheets) ; 

(d) 'Characteristics being investigated; 

(e) Failure or unsatisfactory condition observations 
(f/| Record of repair and maintenance; 

(gi Record of unusual or questionable occurrences 
involving the equipment; 

(h) Action tsken to have "quick fixes" in test 
formalized as design changes; y 

(i) Identity of individual making entry. 

3.9 Flow Computations 

All flow values are expressed in liters per minute 
NTPD, Since the NASA spieclfication expresses flow 
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1 


in liters per minute DTPS, 
follows : 


the conversion Is as 


LPM NTPD = LPM BTPS (0.0012484 (Pb“47)) 

where 

LPM NTPD = liters per minute, normal temperature, 
pressure, dry 

LPM BTPS - liters per minute, body temperature, 
pressure, saturated V;, 

Pb = Barometric Pressure 

The aboTe conversion was obtained from: Society 

of Automotive Engineers Document Aerospace Information 
Report Number AIR 825, titled "Oxygen Equipment for 
Aircraft”, dated 2/25/65. 


I COMVERSION CHART 


LPM BTPS 

EQUIVALENT LPM NTPD 

125 

111.2 

200 

178 

289 

257.2 

535 

476.2 1 
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4.0 PROCEDURE 

4.1 -,.i; Flow Requirements 

4.1.1 Inhalation Initiation 

(1) Install the FBS in the test setup shown in 
Figure 1. Record test instrumentation 
description. Adjust regulated air supply to 
4000 psig. 

(2) With the cylinder valve of the FBS closed# 
slowly open the needle valve (1) . 

(3) Adjust the needle valve and create a negative 
pressure of 2.0 inches inside the mask area. 
Record the flow on flowmeter (3), which is the 
inward leakage. If leakage greater than 10 
scc/min. exists, it should be corrected before 
proceeding. 

(4) Open the cylinder valve of the FBS supplying 
4000 psig regulated air to the system. , Slowly 
open the needle valve (1) until a flow of 20 
scc/min, above the leakage value determined in 
Step (3) above is indicated on flowmeter (3). 
Record the maximum negative pressure indicated 
by water column (2) . 
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\ 


(5) Repeat Step 4 with a regulated air supply of 
1000 and 570 psig. 


4.1.2 Inhalation Flow at Intermediate and Maxinium Specified 

Negative Pressure 

(1) Install the FBS in the test setup shown in 

• Figure 1, and apply a regulated pressure of 
4000 psig to the cylinder valve. 

(2) Open the cylinder valve and start up the PBS. 

(3) Slowly open need^ie valve (1) until the pressure 
in the facepiece is -2.0 inches of water. 

Record the resulting flow on flowmeter (2), 

(4) Repeat the above test for inlet pressures of 
1000, 570 and 100 psig^ 

(5) Repeat Steps 3 and 4 above for a facemask 
pressure of -1.25 inches of water. 

4.1.3 Exhalation Initiation & Static Flow 

(1) Install the facemask and regulator in the test 
setup shown in Figure 2. Record test instru- 
mentation description. 

(2) Slowly increase the outlet pressure of, regulator 
(1) until a flow is obtained on flowmeter (2). 

(3) Record the pressure indicated by water column (3]< 

(4) Change the flowmeter to one of higher range and 
determine the resulting static flows for mask 
pressures of +2.0 and +4.0 inches of water. 


\>T 
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4.1.4 Dynamic Flow Requirements 

(1) Install the FBS with a fully-charged cylinder 
in the test setup shown in Figure 3 . Record 
description of test instrumentation. 

(2) Adjust the breathing machine (Scott P/N 22850) 
to obtain a peak flow of 257 Ipra NTPD at approxi- 
mately 34 cycles/minute. 

(3) Open the cylinder valve and start the breathing 
machine. Continue to operate the breathing 
machine until the cylinder pressure drops to 
100 psig. During this time, record the 
followings 

(a) Gontinubusly record inhalation" and exhalation 
mask pressures. 

(b) Continuously record mask flow rates. 

(c) Each 5 minutes, monitor cylinder pressure 
and record. 

(d) Total time from start of test until cylinder 
reaches 100 psig. 

(4) Record the pressure at which the low pressure 
alarm actuates using the procedure of Para. 4.22. 


(5) 
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Recharge the cylinder to 4000 psig. 

Increase the speed of the breathing machine to 
obtain a peak flow at 476 1pm NTPD. Repeat 
Step 3 above. 

(6) Record the peak mask pressures obtained during 
the inhalation and exhalation portions of the 
breathing cycle. 

_ Response Time 

This characteristic is verified during the flow 
requirements test (Para. 4. 1.4, Step* 2) since the 
flow test was performed dynamically. 

jj^rcTe Capability 

■J . . \ ' 

| Dynamic Purge Capability 

jl ‘ - 

I (1) install the PBS with a fully-charged cylinder 

li ^ ■ V 

I in the test setup shown in Figure 3. Record ^ 

description of test instrumentation. 

(2) Adjust the breathing machine (Scott p/n 22850) 

to obtain a peak of 257 ipm JNTPD at 

approximately 34 cycles/minute. ' 

(3) Open the cylinder valve and fully open the purge 
valve, and start the breathing machine. 
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Continue to operate the breathing machine until 
the cylinder pressure drops to 100 psig. 

Daring this time, record the following; , 

(a) Continuously record inhalation arid 

esdialation mask pressures. 

(b) Continuously record mask flow rates. 

(c) Each 5 minutes, monitor cylinder pressure 
and record. 

(d) Total time from start of test until 
cylinder reaches 100 psig. 

(4) Record the pressure at which the low pressure 
alarm actuates using the procedure of Para. 4.22. 

(5) increase the speed of the breathing machine to 

obtain a peak flow of 476 1pm NTPD. Repeat 

Step 3 above. 

Static Purge Capability 

(1) Install the FBS in the test setup shown in Pig. 5. 

(2) Open the cylinder valve supplying 4000 psig to 
the system and fully open the purge valve. 

(3) Draw flow through the flowmeter until the water 
column shows zero pressure. 

(4) Record the resulting flow on the data sheet, 

(5) Repeat the above test for inlet pressures of 

3500, 3000, 2500,.. 2000/ 1500, 1000 800, 50u and 


100 psig. 




I 
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4.4 Proof Pressure 

(1) Pneumatically pressure test the following 
components to the pressures shown; 



(2) Following this exposure, assemble the 

components and subject to the %est outlined 
in Pa^i 4.15,1. 
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,/4=5 Burst Pressure 

(1) Hydrostatically pressure test the following 
components to the pressures shown: 


COMPONENT 

PRESSURE (PSIG) 

Cylinder Valve Assy. 

11,250 

1 High-pressure hose 

11,250, 

Pressure reducer 
(high-pressure side) 

11/250 

Pressure reducer* 
(low-pressure side) 

312.5 

Low-pressure hose 

312.5 

■■ ■ 

Breathing Regulator 

^ Z-I 1 

312.5 


(2) While pressurized, observe the components 
for signs of rupture or leakage. None is 
allowed. 

♦Relief valve to be blocked closed during this test. 
4.6 System Weight 

Weigh each component separately and also obtain a 
total PBS weight with and without cylinder. 
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4. 7 Donnincr /Doffing - Demonstration Test 

After a suitable training period, a subject wearing 
a turnout coat will be timed during the donning 
and doffing procedures to obtain the average for 
five (5) complete cycles. Donning time, which will 
include the facemask, will not exceed 15 seconds 
and doffing time will not exceed 3 seconds. Record 
results in test log. 

4.8 Startup - Demonstration Test 

Verify that a user wearing a turnout coat may 
perform the following steps in startup of the FBS 
and do so unassisted: 

(1) Don the FBS being sure to check for proper 
mask fit. 

(2) Open cylinder valve. 

(3) Breathe unit to determine proper operation. 

(4) Close cylinder valve and breathe-, unit down 
until low pressure alarm sounds. 

(5) Again open cylinder valve. Unit is ready for 
operation. 

Record results in test log. 
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4.9 Orientation - Demonstration Test 

Verify that a user can obtain satisfactory flow 
for each of the six (6) different orientations 
shown in Figure 4 . Record results in test log . 

4 . 10 Controls - Demonstration Test 

Verify that all controls are accessible to the 
wearer wearing a turnout coat and are arranged to 
minimize the possibility of inadvertent actuation. 
Record results in test log. 

4.11 PressuJ^g Vessel Replacement - Demonstration Test 
Record the time of pressure vessel replacement for 
the following conditions s 

,, (1) Remove large cylinder; replace with large 
cylinder. 

(2) Remove large cylinder; replace with small 
1 cylinder; 

(3) Remove small cylinder; replace with small 
cylinder; 

(4) Remove small cylinder; replace with large 
cylinder. 
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The ^.Qve will be performed by a subject previously 
' trained to perform the task- Record results in 

the test log. 

Qverpressurization Protection 

(1) Place the overpressurization protection 
device in a test adapter in preparation to 
pressurize. 

(2) Innnerse the device in a glycerine-water 

: bath and raise the temperature of the bath 
to 220°F. Hold for a minimum of ten (10) 


minutes. 
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(3) Raise the pressure to the device to 3800 psig 
and hold for 30 seconds minimum. 

(4) Thereafter increase the pressure at a rate 
less than 100 psig per minute until the 
frangible disc bursts. Record this pressure. 

System Leakage 

(1) With the cylinder of the FBS charged to 4000 
■ psig, o^en-tfie cylinder vsrlve allowing the 

system to pressurize. 

(2) Using Leak-Tek or an equivalent leakage 
indicator, check each component of the FBS 
for leakage. No leakage is allowed. 

Pressure Gage Accuracy 

(1) Install the pressure gage in a test block and 
connect to a test setup with a calibrated 
pressure gage and a regulated high-pressure 


air source 
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(2) Slowly increase pressure in the test system 
stopping at each of the major divisions of the 
FBS gage and recording the corresponding 
pressure !iinx3icated on the calibrated gage. 

(3) A^ter reading all divisions in increasing 
ojrder/ slowly decrease the pressure and again 
record the corresponding pressures in decreasing 
order. 

Operating Environments ^ 

All operating environments tested will be performed 
with the cylinder charged to 200Q and 800 psig. 

Static Flow Test ] 

This test will be performed as required before, 
during and/or after exposure to , each b;i: the operating 
environments: 

{1) Install the FBS in tips test setup shown in 

Xv. 

Figure 5, and adjust regula.ted air supt>ly to 2000 psig, 

(2) Open the cylinder valve and start up the FES. 

(3) Slowly open:' needle valve (1) until the flow 
from the facepiece is 5 LPM NTPD, shown on 
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flowmeter (2). Record the resulting mask 
pressure shown on the water colxunn. 

(4) Repeat Step 3 to obtain the pressures resulting 
from facepiece,{/ flows of 125 and 300 LPM, NTPD, 
euid the flow for a facemask pressure of -2.0 
inches of water. 

(5) Vent the inlet pressure to 800 psig and repeat 

Steps 4 above. 

4.15.2 Low Temperature Operation (Ref. MIL-STD-810B, 

Method 502, Procedure I) 

(1) Subject the FBS to the static flow test of 
Para. 4.1S.1. 

(2) Place the FBS in an environmental temperature 
chamber and subject to the low temperature 
test as follows! 

(a) Lower the chamber temperature to -60°F 

+ 5®P for a period of four (4) hours 

- 4 ‘ 

mmimurn. 

(b) Visually inspect the unit while it is 
still at low temperature. 
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(c) Expose the FBS to an additional 8 hours 
minimum at -60°F + 5®F. 

(d) Remove the FBS from the chamber and subject 

:: to the test of Para. 4.15.1 while still 

at low temperatures. 

(e) After its return to ambient tempe^'ature, 
again visually inspect the FBS and 
subject to the test of Para. 4.15.1. 

4.15.3 High Temperature Operation (Ref. MIL-STD-810B, 

Method 501, Procedure II) 

(1) The data from the static flow test following 
low temperature operation will also be used 

as pre-high temperature operation baseline data. 

(2) Place the FBS in an en(^£fonmental chamber and 

% i X 

subject to the high temperature test as follows: 

(a) Raise the temperature of the chamber to 
120°F + 5'^F and hold for 6 hours minimum, 

(b) Raise the temperature of the chamber to 
154°F jt 5*^F within a time period of one (1) 

• "Vi 

hour and then hold for an additional four (4) 
hours. 
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(c) Lower the internal chamber temperature to 
L2QOF + 5°F within a time period of one (1) 
hour. 

(d) Repeat Steps (a) through (c) two additional 
times making a total of three Jr2-hour cycles 

(e) Adjust the temperature of the chamber to 
200°F + 5®F and hold for a period of 8 

' hours minimum. 

(f) Remove the FBS from the chamber and subject 
to the static flow test of Para. 4.15.1. 

(g) After its return to ambient temperature, 
again visually inspect the PBS and subject 
to the test of Para. 4,15.1. 

4.15.4 Relative Humidity (Ref, MIL-STD-810B, Method 507., 

Procedure IV) 

(1) Place the FBS in a temperature-humidity chamber. 

(2) Dry the FBS at 110°F + 5°P for a period of 2 
hours minimum. 

(3) Condition the PBS at 77°F + 5°F and 50 percent 

relative humidity for 24 hours. ;\ 

(4) Remove the FBS from the chamber and subject to 
the static flow test of Para. 4,15.1. 


I 
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(5) Place the PBS back into the test chamber and 
subject it to five 24-hour cycles in accordance 
with Figure 12- A 24-hour cycle consists of 

16 hours at 140®F + 5°F and approximately 8 
hours at 86°F + 5°F including transition times. 
A relative humidity shall be maintained at 
95 percent or greater at both temperatures. 

Each transition time shall be not greater 
than liS hours. The relative humidity during 
each transition need not be controlled. 

(6) After completion of the fifth cycle with the 
FBS in the chamber and the chamber at 8^°F 


5°F and a relative humidity of 95 percent 
minimum, remove the FBS from the chamber and 
subject to the static flow test of Para. 4.15.1. 

(7) Condition the PBS at 77 F ji 5^P and (-50 i 5 percent 
relative humidity for not less than hours 

\v 


nor more than 24 hours. ' " 

(8) While at 77 P + 5^F and 50 percent relative ^ 
humidity, remove the FBS from the chamber and 
subject to the static flow test of Para, 4.15.1 

(9) Visually inspect the PBS. 


■':) 
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4.16.1 


Non-Operating Environments 
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■ (1) Charge the cylinder to 4000 psig and subject 

the FBS to the static flow test of Para. 4.15.1. 

(2) Expose the FBS to a salt fog environment 
according to MIL-STD-810B, Method 509, 

Procedure I. 

J. 

(3) After the 48 hour drying period, again subject 


the FBS to the static flow test of Para. 4.15.1. 

Also note any visua.! defects such as corrosion 

k.. 

resulting from the exposure to salt fog. 

4.16.2 Dust 

I; 

(1) Charge the cylinder to 4000 psig and subject 
the FBS to the static flow test of Para. 4.15.1. 

(2) Expose the FBS to a dust environment according 
to MIL-STD-810B, Method 510, Procedure I. 

(3) Return the FBS to Scott froin the vendor 
facility at which dust exposure was performed 

and subject to the static flow test of Para, 4,15.1. 
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Impact Shock 

CAUTION s This is a hazardous test 
and should be performed in an area 
properly equipped for high pressure 
and explosive test articles by properly 
trained personnel. 

(1) Charge the FBS to 4000 psig and subject to the 
static flow test of Para, 4.15.1. 

(2) Recharge the cylinder to 4000 psig and drop 
the PBS from a height of six (6) feet onto a 
flat rigid surface once on each of six (6) 
different points (Figure 11) for a total of 
six (6) drops, visually inspect the unit after 
each drop. 

(3) Following drop testing, inspect the unit and 
note any damage. 

System Envelope - Demonstration Test 

Don the FBS while wearing a turnout coat to verify 

the followings 

(1) The unit is as closely conformal to the wearer 
as possible. 

(2) Corners eind edges are rounded. 
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(3) Protrusions are minimized. 

These characteristics are necessary to reduce the 
possibility of snagging. Record results in test 
log, 

4.18 Comfort - Demonstration Test 

Don the FBS while wearing a turnout coat^and wear 
for a period spent performing light work or resting. 
During and at the end of the period, record reactions 
such as possible skin irritation, soreness or bruises 
resulting from pressure points or eOsrasion. Repeat 
with two additional subjects (total of 3) . Record 
results in test log. 
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4= 19 Useful Life 

4.19.1 High-Pressure Hose to Cylinder Valve Connector 
Place a cylinder and connector in a cycling machine 
and connect and disconnect a total of 5# 000 cycles. 
Stop each 500 cycles to pressurize internally to 
4000 psig and check for external leakage. 

4.19.2 Low-Pressure Ebse to Pressure Reducer Disconnect 
Connect and disconnect manually the low-pressure 
hose to pressure reducer disconnect a total of 
1,000 times. At the 500 and 1,000 cycle points, 
pressurize internally ' to 125 psig and check the 
disconnect for external leakage. 

4.19.3 Breathing Regulator to Facemask Connection 
Mount the facemask to a dummy head, leak check in 
the manner later described, and remove and replace 

■ k ■ . 

the breathing regulator from, it a total of 5, 000 
times. Each 500 cycles leak check as follows; 

Outward Leakage; f 

— ' 

(1) Mount the mask/regulator assembly to a 
dummy head and apply tape to the face 
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seal ^Assuring that any leakage will 
result from the mask/regulator seal. 

Also tape close the exhalation valve. 

(2) Install this in the setup shown in Figure 2 
and then pressurize the mask internally 

/ -c 

to thr^e (3) inches of water. Record 
the flow shown on the flowmeter. 

Inward Leakage ; 

(1) With the mask/regulator assembly still 
mounted to the dummy head, install in 
the test setup shown in Figure 1. 

(2) Draw a negative pressure of -3.0 inches 
of water and record the leakage flow. 

4 , 19 . 4 Cylinder Mounting in Backpack 

Mount the backpack vertically and remove and replace 
the cylinder=^^^^tal of 5,000 times. Following 
completion, inspect for evidence of damage. 
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4.19.5 Operational CyclincL^ 

- (X) Install the gas controls of the FBS in the 
test setup shown in Figure' 6. 

(2) Open solenoid (1) applying 4,000 psig upstream 
of the cylinder valve, 

(3) Close solenoid (1) and mechanically open the 
cylinder valve allowing the system to be 
pressurized. 

(4) Open solenoid (2) and set needle valve (1) to 
allow a flow of 150 1pm NTPD, Close solenoid (2) 
This section simulates inhalatlor||^ ^ 

(5) Open solenoid {3} and set needle valve (2) 

J 

u 

to allow a flow of 150 1pm NTPD to exercise 
the exhalation valve of the breathing regulator. 
Close solenoid (3) . This section simulates 


exhalation. 
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I 



(6) Set timer to alternately open and close 
solenoids (2) and (3) at a rate of 20 cycles 
per minute o 

(7) Allow solenoids (2) and (3} to cycle open and 
closed until pressure in the supply volume 
reaches approximately 500 psig. This should 
happen after approximately 12 solenoid (2) 
and (3) cycles and causes the low pressure 
warning to function. 

(8) Mechanic ally close the cylinder valve. 

(9) Repeat the above test a total of 5,000 times, 
stopping each 500 cycles to check fon 

(a) Static flow characteristics per Para. 4.14.1; 

(b) Exhalation valve flow characteristics; 

(c) External leakage all fittings and connections; 

(d) Low pressure alarm function. 

(10) Any maintenance required during this series 
should be recorded. 
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4.20 


4. 21 


36 

Purge Valve 

Apply 125 psig to the Inlet of the breathing 
regulator and manually open and close the purge 
valve a total of 5,000 times, stopping each 500 
cycles to check for; 

(a) Leakage around the external portions of the 
purge valve? 

(b) Leakage around the seat of the purge valve 
when it is in the closed position. 

t: 

pressure Vessel Mounting - Demonstration Test 
This requirement shall be considered satisfied by 
the successful completion of Para. 4.12, Pressure 
Vessel Replacement. 

Leakage (Cylinder Valve/Cylinder Assembly) 

(1) Cha^e^; a cylinder and valve assembly to 4000 
psig and immerse in a water bath (Figure 7) . 

(2) Collect the gas emitted from the assembly 
over a 24<-hour period. This amount c^not 
exceed "S^^ate of 0.5 scc/hour. 
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4o22 


4.23 


Actuation (DepJ,etion learning Dev^ice) 

(1) Charge the cylinder of the FM to 950 psig. 

(2) With an accurate pressure gage installed 
between the cylinder valve and the high pressure 
hand disconnect, slowly breath the unit down 

to the point at which the depletion warning 
-device actuates. 

(3) Record this pressure. 


Signal Frequency and Intensity 

With the cylinder pressure of the FBS below the 
actuation pressure for the depletion warning device, 
perform the following test. Install the FBS in the 
test series, measure the level of the background 
noise. 


Adjust the purge valve to obtain d^peak reading 
on the sound intensity meter and record thie 


intensify and the signal f.^equency shown on the 
oscilloscope. 
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Inward Leakage (Facemask) 

NOTE: Appearing in Appendix B of this procedure 

is a report titled "Analysis of Utilization 
of Helium Leak Detector to Measure Pace 

Mask Leakage". This report gives detailed 

I' 

ind^ination as tp derivation of methods 
and technique# to determine inward 

leakage . ‘..-'ir. U 

..t^j(l) Calibrate the helium leak detector using a 
16 PPM concentration of helium in air. 

(2) Place Jfche facemask/breathing regulator assembly 

on a user and complete the setup shown in 

) 

Figure 9 . 

(3) Evacuate the plastic bag by squeezing oii^ Ijy 
vacuum and then flood with a gasfmi^ture of 


9 parts air and 1 part he^^ium by volume 
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(4) After a short period to allow the system to 
reach equilibrium, measure the inward leakage 
Bhovfn on the leak detector which is sampling 
the subject’s exhaled gases and convert to a 
rate in scc/min. This rate cannot exceed 
1,5 scc/min. 

(5) The above test should be repeated once each 
on a panel of sixteen (16) subjects selected 
by the facial characteristics of face length 
and width according to methods derived from; 

:: •- V 

(a) ":CASL Respirator Test panel Representative 
of U. S. Male Facial Sizes" dated 1972, 
conducted by Los Alamos Scientific Laboratory 
Hyatt, Hack, Moore & Richards. 

(b) "Anthropometry for Respirator Sizing" 

Final Report April 30, 1972, Webb AssoGiates, 
Yellow Springs, Ohio. 

HcConville, Churchill & Laubach 

(c) A 1957 USAP Facial Diraensipns Study 
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4,25 Outward Iieal^g^tre (Faceinask) 

(1) Place a facemask, which has been modified to 
provide a tube for the subject to inhale and 
exhale through, along with a pair of nose 

pinchers, on a subject (Figure 10). 

(2) Slowly increase the internal mask pressure 
to 3.0 inches of water. 

(3) Note arid record €he amount of gas flowing into 
the mask shown on the flowmeter- This amount 
should not exceed 200 scc/rain. 

(4) Repeat the above te.st for each of the sixteen 
(16) subjects used to determine inward mask 
lecQfiage in Para. 4.22. 
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4o26 


4-27 


Visor Foggincr - Demonstration Test 
Place the FBS on a subject and start up in the 
normal manner- Have the subject enter a chanOser 
Which is at -20 + 5°F eind remain inside until the 
cylinder is depleted. During the test period, 
alternate 1-roinute periods of exercise and rest 
are required with the exercise period consisting 
of stepping onto and off a box 8.5 inches high at 
a rate of 30 cycles per minute. Note any mask 
fogging that takes place. Record results in test log 

Mask Weight 

Weigh the facemask and breathing regulator assembly 
(without low-pressure hose). This weight must not 
exceed 1.25 pounds. 


^4 
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DATA SHEET # 1 

P/N 

S/^ ■ 

Date ■ i 

Temperature ll Barometric Pressure 

TEST; FLOW REQUIREMENTS \ ^ - 

Paragraph : 4.1 

4.1.1 INHALATION INITIATION - 


Parameter 

Required 

Actual 

Step (3) Leakage 

10 sec/min. max. 

; 

Step (4) Plow Initiation @ 
4000 psig inlet 

-0.1 to -0.5 
inches water 

■; 

Step (5) Flow Initiation @ 
1000 psig inlet 

-0.1 to —0.5 
inches water 


Step (5) Plow Initiation @ 
570 psig inlet 

-0.1 to -0.5 
inches water 



Test E^quipnient ; 



.1 
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4, L-i 2 INHALATION FLOW AT INTERMEDIATE AHD, MAXIMUM SPECIFIED 

NEGATIVE PRESSURE 


Parameter 


Resulting Flow 
LPM.NTPD 


Step (3) Flow @ “2.0 inches 

water 4000 psig inlet 

Step (4) Flow @ -2.0 inches 

water 1000 psig inlet 

Step (4) Flow @ “2.0 inches 

water 570 psig inlet 

Step (4) Flow @ -2.0 inches 

water 100 psig inlet 


s€ep (5) Flow @ -1.25 inches 

water 4500 psig inlet 

Step (5) Flow @ -1.25 inches 

water 1000 psig inlet 

Step (5) Flow @ inches 

water 570 /psig inlet 

Step (5) Flow @ -1.25 inches 
water 100 psig inlet 


Test Bguipment: 






.1 


I 
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4,1.3 EXHALATION INITIATION & STATIC FLOW 


Parameter 

Reeniired 

Actual 

Step (3) Exhalation Initiation 

0.1 to 0.5 



inches water 


Step (4) Exhalation Flow @ 

257 LPM NTPD 


+2*0 inches water 

minimum 

, 

mask pressure 



Step (4) Exhalation Flow @ 

476 LPM NTPD 


+4.0 inches water 

minimum 


mask pressure 








Test Equipments 


/ 







8 
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4.1.4 DYiSAMIC FL^ REQUIREMENTS 


]|lxameter 

Required 

Step (3) PeaK Inhalation 

-1,25 inches 

Pressure 

Water Max. 

Step (3 ) Peak Exhalation 

+2,0 Inches 

Pressure 

Water Max. 

Step (3) Low Pressure Alarm 

880 to 830 

Actuation Pressure 

PSIG 

Step (3) Total Time from 

N/A 

High to Low Cylin- 


der Pressure 


Step (4) Peak Inhalation 

-2.0 inches 

Pressure 

Water Max. 

Step (4) Pe^ Exhalation 

+4 . 0 Inches 

Pressure 

Water Max, 

Step (4) Low Pressure Alarm 

880 to 830 

Actuation Pressure 

PSIG 

Step (4) Total Time from 

n/a 

High to Low Cylin- 

1 

der Pressure 

. 1 ' 


1/ 


Test Equipments 


Tested byg 


Verified by 





Paragraph : 


Parameter 


Step (3) Peak Inhalation 
Pressure 

Step (3) Peak Exhalation 
Pressure 

Step (3) Low Pressure Alarm 
Actuation Pressure 

Step (3) Total Time from 

High to Low Cylin- 
der Pressure 


. Step (4) Peak Inhalation 
Pressure 

Step (4) Peak Exhalation 
, Pressure 

Step (4) Low Pressure Alarm 
Actuation Pressure 

Step (4) Total Time from 

High to Low Cylin- 
der Pressure 

- I 

Test Equipment: 


Actual 


Required 


-1.25 inches 
Water Max. 

+2.0 Inches 
Water Mzoc. 

880 to 830 
PS 16 

r 

N/A 


-2.0 inches 
Water Max. 

+4,0 inches 
Water Max. 

880 to 830 
PS 16 

N/A 
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P/N 

SAl ' 

Date ^ ^ ; 
Temperature 


TESTS 


STATIC PURGE CAPABILITY 












1 
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DATA SHEET # 3 



Temperature • 

TEST: PROOF PRESSURE 


Paragraph 


Barometric Pressure 


COMPONENT 

1 

PRESSURE. 

(PSIG) 

Cylinder & Valve Assy. 

6750 

High-pressure Hose 

6750 

Pressure Reducer (high- 
pressure section) 

6750 

Pressure Reducer (low- 
pressure section 

1 

■ • ■ I 

187,5 

Low-pressure Hose 

187 -5 

Breathing Regulator 

187.5 


POST TEST 
INSPECTION 


STATIC PLOW CHECK 


2000 

PSIG INLET 

MASK FLOW 
LPM, NTPD 

MASK PRESSURE 
INCHES OP WATER 


-1.25 


•^- 2.0 


800 PSIG INLET 
MASK PLOW I . M^SK PRESSURE 
LPM. NTPD INCHES QP WATER 


5 


125 


-1.25 


300 


- 2.0 


Test Equipment: 


Tested by: 
Verified by 
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DATA SHEET # 4 


P/N . 

S/N 

Date 

Temperature Barometric Pressure 

TESTS BURST PRESSURE . , , 

Paragraphs 4.5 


COMPONENT 


Cylinder & Valve 
Assy, 

High-Pressure Hose 

pressure Reducer 
(high-pressure 
section} 

Pressure Reducer 
(low-pressure 
section) 

Low-Pressure Hose 
Breathing Regulator 


Test Equipments 


PRESSURE 

(PSIG) 


11, 250 

11, 250 
11,250 


312,5 

312.5 

312.5 




POST TEST 
INSPECTION 


Tested hys 







Paragraph 2 4,6 



TO^AL PBS WEIGHTS ■ V ' lbs. 


(10 lb. maximum) 

(not including cylinders) 

Test Equipment; . 


Tested by: 
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DATA SHEET # 6 


P/K , 

S/N 

Date 

Temperature Barometric Pressure 

TESTj OVERPRESSURIZATION PROTECTION ' 

Paragraph: 4.12 


PARAMETER, 

REQUIRED 

ACTUAL 

Step (4) Burst Pressure 
Frangible Disc 

4500-5000 PSIG^ 




Test Equipments 



I 




Tested by: 


\yAY*l f e 
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DATA SHEET # 7 


P/^ \ 

s/ij 

Date ■ 

Temperature ' Barps^^K^ Pressure 

TEST: SYSTEM LEAKAGE 

* y 

Paragraph : 4.13 



. ^ 


i 







. Tested by: 
Verified by: 
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Temperature 


Barometric Pressure 


TEST: 


PRESSURE GAGE ACCURACY 


Paragraph ; 


Increasina pressure 


Gage Reading 


Required 


10 X loo psig 
20 X 100 psig 
30 X 100 psig 
full 

45 X 100 psig 


1000 ±225 psig 
2000 ± 225 psig 
3000 ± 225 psig 
4000 ± 225 psig 
4500 ± 225 psig 


Decreasing pressure: 


Gage Reading 

;Required 

10 X 100 psig 
20 X 100 psig 
30 X 100 psig 
full 

45 X 100 psig 

1000 £ 225 psig 
2000 + 225 psig 
3000 + 225 psig 
4000 ± 225 psig 
4500 ± 225 psig 


Test Equipment! 


Tested by: 


Verifip'd bw-! 














KR-1027 Page 1 of __2 

AppencSix A 

DATA SHEET # 9 

P/N 

S/N 

Date 

Temperature Barometric Pressure - 

TEST: / LOW TEMPERATURE QPERATIOM 

Paragraph: 4.15.2 

Chamber Data : 

Step 2ai -6Q ± 5^F 4 hours minimum : V 

Date ________ Time in Temp. 

Date Time out Temp. 

Step 2b Visual Inspection * 

Remarks : 

o'' i! , , ; 

Step 2c -60 + 5 F 8 hours minxmum 

Date Time in ' Temp. 

Date ■ . ■ , , Time out . Temp. . . 

Sti^p 2d See data. Page 2. 


Step 2e 


See data. Page 2 


1 
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Data Sheet #9 (continued) 


PRE-TEST STATIC PLOW CHECK I Date 


2000 

PSIG INLET 

MASK FLOW 

MASK PRESSURE 

LPM, NT PD 

INCHES OF WATER 

5 .. . .1 


wmmmm 



CM 

■ 

300 



o 

e 

CM 

1 


1 2000 PSIG INLET 

MASK FLOW 
LPM. NTPD 

MASK PRESSURE 
INCHES OP WATER 

5 


125 



-1.25 

300 



0 

« 

CM 

1 


800 

PSIG INLET ' 

MASK FLOW 

MASK PipSSURE 

LPM. NTPD 

INCHES OF WATER 

5 

r- 

125 



-1.25 

300 



1 

to 

« 

o 

FLOW CHECK : 

Date 

800 

PSIG INLET ■ 

MASK PLOW 

MASK PRESSURE 

LPM. NTPD 

INCHES OF WATER 

5 


125 



-1.'25 

300 



-2.0 


POST LOW TEMPERATURE STATIC PLOW CHECK; Date 


r 2000 PSIG 'inlet I 

MASK FLOW 
LPM. ..NTPD 

'Mask pressure-' 

INCHES OF WATER 

15 


12^ 



-1.25 

300 



. -2.0 


1 ,800; PSIG INLET ! 

^ MASK FLOW 
LPM. NTPD 

MASK PRESSUPvE ; 
INCHES OF WATER 

5 


125 



-1.25 

300 



-2.0 


Test Equipment; 


visual Inspection ; 


Tested by; 
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DATA SHEET # 10 


SA • 

Date . 

Temperature -- Barometric Pressure 

tests HIGH TEMPERATURE OPERATION 

Paragraph ; 4.15.3 

Chamber Data; 


Step 

2 a 

120 


50F 

5 hours 

minimiam 



Date 




Time in 


Temp* 


Date _ 




Time out 


Temp. 

Step 

2b 

154 


5°P 

4 hours 

minimum 

; 


Date 




Time in 


Temp. 


Date 




Time out 


Temp. 

Step 

2d 

120 A 

5°F 

6 hours 

minimum 


Datif 



- 

Time in 


Temp. 


Date 




Time out 


Temp. 



154 


5°F 

4 hours 

minimum 


Date _ 




Time in 


Temp, 


Date _ 




Time out 


Temp. 



120 


5°F 

6 hours 

minimum 


Date __ 




Time in ^ 


Temp. 


Date _ 




Time out 


Temp. 



154 


50p 

6 hours' 

minimum 

- 


Date _ 




Time in ■ 


Temp. 


Date 




Time out 


Temp. 


Cf 
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Step 2e 200 5°F 8 hours minimum 

Date Time in Temp. 

Date Time out Temp. 


Test Equipment: 

PRE TEST STATIC FLOW CHECK; Date 


1 2000 PS IG INLET 1 

MASK FLOW 
LPM. NT ED 

MASK PRESSURE 
INCHES OF WATER 

5 


125 



-1.25 

300 



1 

to 

• 

o 


1 800 PSIG INLET 

MASK FLOW 
..LPM, NTPD 

MASK PRESSURE 
INCHES OP WATER 

5 


125 



-1.25 

300 



-2.0 


HIGH TEMPERATURE STATIC FLOW CHECK;. Date 


2000 PSIG INLET 1 

MASK FLOW 
LPM. NTPD 

MASK PRESSURE 
INCHES OF WATER 

5 


125 



-1.25 

300 



-2.0 


800 PSIG INLET 

MASK FLOW 
LPM, NTPD 

MASK PRESSURE 
INCHES OF WATER 

5 


125 



-1.25 

300 



-2.0 


POST HIGH TEMPERATURE STATIC FLOW CHECK; Date 


r 2000 PSIG INLET I 

MASK FLOW 
LPM. NTPD 

MASK PRESSURE 
INCHES OF WATER 

5 


125 



-1.25 

300 



-2.0 


800 PSIG INLET 

MASK FLOW 
LPM, NTPD 

MASK PRESSURE 
INCHES OF WATER 

5 


125 



^ -1.25 . 

300 



-2.0 


POST TE:ST INSPECTION: 


111 


Tested by: 
Verified by: 








I 
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P/N 

S/N I 

Date _____ 
Temperature 


TEST: REIATIVE HUMIDITY 


Paragraph ; 4. 15.4 


Chamiber Data g 

Step 2 110 ± 5°F 2 hours minimunt 

Date . Time in Temp. 

Date ■ Time out • Temp. 


Barometric Pre Insure 


Step 3 77 > 5°F 50% R. H. 24 hours 

^ ^ ii 

Date Time in Temp. 

Date . • - Time out Temp. 


Step 3 Cycle ■/ 

Date . ' ■ " Time in ' ■ ^ '' . . 

Date Time out . 

Step 7 77 ± 5°F 50% R. H. 12 hours 

Date Time in - 

Date ' Time out 
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PRE-TEST STATIC PLOW CHECK 


! 2000 PSIG INLET 

1 MASK PLOW 
LPM, NT PD 

MASK PRESSURE 
INCHES OP WATER 

5 


125 


_ 

-1.25 

300 


I' 

-2.0 


1 800 PSIG INLET 

MASK FLOW 
LPM, NTPD 

MASK PRESSURE 
INCHES OF WATER 

5 


125 



-1.25 

300 

1 


-2.0 


RELATIVE HUMIDITY STATIC PLOW CHECK 


1 2000 PSIG INLET 

MASK FLOW 
LPM, NTPD 

MASK PRESSURE 
INCHES OF V7ATER 

5 


125 



-1.25 

300 



-2.0 


[ 800 PSIG INLET 1 

M7iSK PLOW 
LPM, NTPD 

MASK PRESSURE 
INCHES OF WATER 

5 


125 



-1.25 

300 



-2.0 


POST RKATIVE HUMIDITY STATIC PLOW CHECK 


800 

PSIG INLET 

MASK FLOW 

MASK PRESSURE 

LPM, NTPDii 

INCHES OF ITATSR 

, '5 ' 


125 



-1.25 

300 



-2.0 


2000 

PSIG INLET 

i-IASK FLOW 

MASK PRESSURE 

LPM, NTPD 

INCHES OF WATER 

5 


125 


% 

-1.25 

■ 300 1 


i 

-2.0 


Test Equipments 


Visual Inspection: 




Tested by 



Verified by s , 
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DATA SHEET #12 


P/N 

S/N 

Date 

Temperature ' Barometric Pressure 

TESTS SALT FOG 


Paragraph; 4.16.1 


PRE SALT FOG STATIC FLOW CHECK 


2000 

PSIG INLET 


800 

PSIG INLET 

MASK FLOW 

MASK PRESSURE 


MASK FLOW 

MASK PRESSURE 

LPM, NT PD 

INCHES OF WATER 


LPM, NTPD 

INCHES OF WATER 

5 

. 


5 


125 



125 



-1.25 



-1.25 

300 



300 



0 
0 

1 



-2.0 

POST SALT FOG STATIC FLOW CHECK 

2000 

PSIG INLET 


800 

PSIG INLET 

f4ASK FLOW 

MASK PRESSURE 


MASK FLOW 

MASK PRESSURE 

LPM, NTPD 

INCHES OF WATER 


LPM, NTPD 

INCHES OF WATER 

5 



5 


125 



125 



-1.25 ' 



-1.25 

300 



300 



-2.0 



-2.0 


Chamber Data; Date Time in . • . Temp. 

Date Time out Temp. 

//ilumidity ' % R. H, 

Test Equipment; 

^ ■ C‘ ' ■ ■ 

Post Test Inspections 

Tested by;, 

Verified by; - 
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DATA SHEET # 13 


P/N 

S/N 

Date 

Temperature Barometric Pressure 

TEST: DUST , 


Paragraphs 4.16.2 


PRE DUST EXPOSURE STATIC FLOW CHECK 


800 PSIG INDET ! 

MASK FLOW 
LPM, NT P D 

MASK PRESSHRE 
INCHES OF WATER 

5 


125 



-1.25 

300 



p 

CM 

1 


[ 2000 PSIG INLET. . 

MASK FLOW 
LPM, NT PD 

>L^SK PRESSURE 
INCHES OF VJATER 

5 


125 



-1.25 

300 



-2.0 


POST DUST EXPOSURE STATIC FIXDW CHECK 


Chamber Data & Test Equipment 


r 2000 psig' inlet 

MASK FLOW 
LPM. NT PD 

^mSK PRESSURE 
INCHES OF WATER 

5 


125 



/ -1.25 . 

300 



-2.0 


80Q;-"-RSIG INLET 

LPM, NTPD 

MASK PR?;SSURE 
INCHES OF WATER 

5 


125 


• 

-1.25 

300 



-2.0 


See data from vendor test lab. 



Post Test Inspections 



Tested by : ' ' • • 

- 

Verified by; =' ■- 
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DATA SHEET # 14 


P/N , 

S/N 

Date ' 

Temperature ' Barometric Pressure 

TEST: IMPACT SHOCK 

Paragraph; 4,16.3 

PRE IMPACT SHOCK STATIC PLOW CHECK 


POST IMPACT SHOCK STATIC PLOW CHECK 


Test Equipment: 


1 2000 PSIG INLET 

MASK FLOW 
LPM, NTPD 

Mask pressure 

INCHES OP WATER 

5 


125 



-1.25 

300 



-2.0 


[ 800 PSIG INLET 

MASK PLOW 
LPM, NTPD 

MASK PRESSURE 
INCHES OF WATER 

5 


125 



-1.25 

300 



o 

a 

CM 

1 


r 2000 PSIG INLET i 

MASK PLOW 
LPM* NTPD 

MASK PRESSURE 
INCHES OP X‘7ATER 

5 


125 



-1 . 25 

300 



-2.0 


1 800 PSIG INLET 

MASK FLOW 
LPM. NTPD 

MASK PRESSURE 
INCHES OF. WATER 

5 


125 



. -1.25 

300 



-2.0 
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Visual Inspection Requirements ; 


Shock 1 


Shock 2 

if 

// 

]/ 

Shock 3 I; 


Shock 4 



Shock 5 
Shock 6 



Tested by: 
Verified by: 
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DATA SHEET # 15 

P/N 

S/N 

Date 

Temperature • Barometric Pressure 

TEST s HIGH PRESSURE HOSE TO CYLINDER VALVE CONNECTOR 

Paragraph ; 4.19.1 


TOTAL CYCLES 

INSPECTION CHARACTERISTICS 

500 


1000 

- 

1500 


2000 


2500 


3000 


3500 

' 

4000 


4500 

. 

5000 



Test Equipment: 


. Tested by: 
Verified by: 





Paragraph : 4,19.2 


TOTAL CYCLES 


LEAKAGE (none allowed) 


1000 


Test Equipment! 


Post- test Inspections 


Tested by; 


Verified by: 
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DATA 

SHEET # 17 

PUge J. 

p/n ' 

% 


• 

S/N 




Date 




Temperature _ 


Barometric 

Pressure 

TEST? 

BREATHING REGULATOR 

TO FACEMASK CONNECTION 


Paragraph : 


4.19.3 


TOTAL NO. OF CYCLES 


1 LEAKAGE 

Inward 

Outward 

1.5 cc/min max 

1 200 Gc/min max 
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DATA SHEET # 18 


P/N _____ 

S/N __ 

Date ^ 

Temperature 

TEST: CYLINDER MOUNTING IN BACKPACK 

Paragraph: 4.19.4 


Ij 


Barometric Pressure 


Unit Performance: 


Acceptable 


Unacceptable 



Post-Test Inspection: 








. Tested by: 
Verified by; 
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DATA SHEET # 19 


P/W 

S/N .. 

Date Ji 

Temperature Barometric Pressure 

•“■ 7 " il- y/ 

TEST: OPERATIONAL .CYCLING \ 


Paragraph: 4.i^-§.5 

INHALATION MASK PLOW 


2000 PSIG INLET 

MASK FLOW 
LPM, NT PD 

MASK PRESSURE 
INCHES OF WATER 

5 


■ 125 



-r:25 

300 



-2.0 


'O'''- 


800: PSIG INLET 

MASK FLOW 
LPM, ‘ NT PD 

I'^ASK PRESSURE 
INCHES OF WATER 

5 


125 



-1.25 

300 



-2.0 


EXHALATION MASK FLOW 
LPM, NTPD 

MASK PRESSURE 
INCHES OF WATER 


// r ■ 

■' +2 

/■( 

■ /* ■ 

' +4 

_ __ . !L ■■■ 


(i ■ 

Test Equipment; 

fe). 


DEPLETION ALA^'=?1GTUATI0N ^ PSIG. 

LEAKAGE (none allowed) : 




Tested by: 
Verified by: 
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DATA SHEET # 21 


\!i' 


Barometric Pressure 


P/N 

S/N 

Date ^ ^ 

Temperature ^ 

TEST; LEAKAGE (CYLIIKIDER VALVE/CYDIIiroER ASSEMBLY) 

Paragraph; 4.21 


Total leakage 


cc/24-hr. 


Leakage Rate 


• ce/hr.' 

(0,5 cc/hr. maximum) 


Test Equipment: 





Tested by: 
Verified by: 



1 
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DATA SHEET # 22 


P/N . 
S/N ^ 
Date 


Barometric Pressure 


Temperature 

TESTj ACTUATION (DEPLETION WARNING DEVICE) 


Paragraph; 4.22 




Actuation Pressure 


PSI6. 


(880 to 830 psig required) 


Remarks s 


Test E<iuipment: 


“iH ■ 


Tested by: 
Verified byj 
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DATA SHEET # 24 


P/N 
S/N 
Dat 
Temperature 


liarometric Pressure 


TESTS 


IMWAPD LEAKAGE (FACEMASK) 


Paragraphs 4., 24 


SUBJECT, NUMBER, 
Name, Date 


LEAKAGE RATE 
(1.5 cc/min . ma^i. ) 
ce/min- 


RSi-IARKS 


Test Equipments 



Tested byj 
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DATA SHEET # 26 


P/N 

S/N .. 

Date ' 

Temperature Barometric Pressure 

TEST: MASK WEIGHT 

Paragraph s 4.27 


■/ ‘ ' ^ 

/ ■ 

Weight of Mask/Regulator Assembly . lbs. 


1.2h lb. maximum allowed 


Test Equipment; 





Tested bys. 
Verified by: 


— ^ 
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I 


1 



1 


0 



I 



I 

I 


» 






1 




AVI AT i p N 


ENGINEERING REPORT 
Nov ^029 . 

Dated -i^y 

A NA LYS iS 0 F UT ILIZAT lO N 
OF HELIUM LEAK DETECTOR 
TO MEASURE FACE MASK LEAKAGE 



\} 


Prepored By: ' ■ 

, 7: R. R. Cyr 

' y Director of Engineering 





.. svii r.TnEar" 

LANCV.nir.n, ni w vonK 140 < 3 S 
I LL.’ ?1U C.;OM-li1UO 


A V J AT I O ISl'ii I I Lt « . u‘n iiti.t 






ENG-40t)8 12/67 


E. R. No. 1029 


The literature usual! / gives the sensitivity of mass spectrometer type !eok 
detectors in terms of either the minimum detectable leakoge rate or the parts of 
Helium it will detect per so many parts of air or background gas. Typical values 
ore 10 ^®STD cc/sec and 1 port helium to 1 0, 000, OOG parts of air. 


What the mass spectrometer actually measures is the partial pressure of helium in 
the ion source of the leak detector tube. Conversion of the partial pressure 
reading to leakage rates or ratio of air to helium is made by applying vacuum flow 
mechonics principles to the dynamic constants of the leak detector pumping system. 


In its simplest and most direct mode of usage, the leak detector pumping system 
0 $ connected directly to the Test article which iS: evacuated by the high vacuurn 
pumping system within the leok detector, os shovtfn in Figure 1 . After the test 
vessel is corr^pletely evacuated and the pressure in tKi^ mass spectrometer tube hos 


been reduced tc||^e pressure level at which the unit will operate (approximotely 
10”^ torr), the mass spectrometer circuits ore actuated and the test article probed 

with o small jet of helium. When the output meter moves up scale, the helium 

{) 

|et Js moved until the response is maximized, and the deflection recorded. The 
external volve Is closed and the va)/le isolating the stond leak is opened and 
the deflection OLj of the outf^t/meter is recorded. The size of the leak in the 


n \ 
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test orticle is then esj-imated by the following relation: 


0 ) 



Lj = Value of standard leak 

Dj_= Output meter deflection 
due to leok 


Dj= Output meter deflection due 
to standard leak 


By definition the minimum detectable leok is that which causes on output meter 
deflection which Is equal to the noise and short time drift of the output meter 
reading. With a properly maintained leak detector this is usually taken as 0.02 
times full scale on the most sensitive scale. In practice it is difficult to pse this 
low o value. Usually 0.1 times full scale is a more realistic value for the 
minimum observable deflection over drift and background noise. 


As previously stated the sensitly^-^is usually stated in terms of minimum detectable 


> 


leak or parts of gas per part he-ilufTt which is detectable however the instrument 
Is truly o partial pressure measuring device. We can arrive at a value of the 

i ■ 

limiting partial pressure we can detect from either of the standord ratings if the 

pumping speed and^p^rotfrig pressure are knowrt . The total flow of gases 

|| . ^ . 
through the leak detector pumping system is by continuity: 


/ 


( 2 ) 


Qf = PpSp = PtSt 



= Total flow of gas through system 
In torr 1 ft/sec. 

Pp = Pressure at inlet to diffusion pump ~ 
torr 

Sp *= Speed at inlet to pump, lit/sec. 

Pj. = Pressure at Mass Spec, tube in torr 

n ' 

l- .V 

S{. - Speed at Mass Spec, tube in lit/sec. 


In high vacuum flow mechanics where the mean free path of the gas molecules is 
larger than the dimensions of the flov/ passagways, eacji of the gases in a mixture 
behoves as if the other gases were not present. Since helium has a molecular 
weight of 4 and air about 28, the pumping speed for helium will In theory be ' 
Is” j 

=/7 = 2.65 times great as the speed for air. While diffusion pumps 

rarely exhibit this ratio (for many reasons), if the flow passage causes a large 
pressure drop between the Mass Spec tube and the pump (greater than 10 to 1) 
which is usually the case, a ratio of about 2.5 is appropriate. Thus, equation 

(2) can be written for helium: 

(3) Gj^e ~ ^he^he Phe = Flow of helium torr j/s 

' f: 

Phe = Partial pressure of helium in 
Moss Spec tube, torr 
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And of course: 

(3a) Qie ~ Plie^he " ^ Where L is the leak either in the tesfr 

orticle or standard Leak. 


Ilf one kneW-4he pumping speed of helium Sj ^0 then one could arrive at Hie minimum 
detectable portial pressure of helium by substitution in ( 3 a). S^| 5 ,is however hard 
to calculate or measure directly. Happily the partial pressure detection limit can 
be arrived from the sensitivity ratio of the />Aass Spec apd its known operating 
pressure level. 


hie ~ 

Phe = 


ft_ - (Minimum) ^ = Sensitivity ratio 

R 


Pj.= Total pressure in source 


10 "^ 

107 


torr ~ 10“^^ torr (Mi nimum) in source 


Once we know (Min) and L (Min), She be obtained from (3) 

Qhe=^ Mie = PheShe %e = Mie = Std. ce/sec. 

' > =^0.76 X 10“’Qtorr 1/s 

- ^ \ ^ ... 

She = 0>76 x 10~^Q = 7 ,^ (Min) = 10’^ torr 

irii % ^ 
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As a practical matter most leok detector systems have effective pumping speeds 
at the Mass Spec tube of between 1 end 2G lit/sec and most of them have means 
by which the pumping speed can be varied, for example the Valve A can be used 
to throttle' the flow between the Mass Spec tube and the pump. This can result in 
varying and Sj^g over a wide range. The limiting case being the completely 
shutoff position which results in aero speed which can be used advantageously 
for certain applications where extreme leak rate sensitivity is required. It can 
be seen from eqn (3) that the minimum leak L which is detectable (and measurable) 
is reduced if She Is reduced (by using throttling valve) and in some instrufhents a 
factor of 10 or more improvement can be realized. However, as a practical 
matter reducing She or ^t rnuch results in increased response and clean-up 
time which makes the instrument difficult to use. . 

Another useful leak detection technique utilizing a mass spec type leak detector 
is shown in Figure 2. In this type of system a flexible hose has one end connected 
to tt^l inlet of the leak detector and the Other end connected to d^*'sniffer*' which 
usually consists of a small adjustable needle valve. |n use the external and 
throttle valves are opened and the flexible hssse up to the closed "sniffer" valve 
is evocuated to less than 1(T^ torr pt the Moss Spec tube. The "sniffer" needle 
valve is then opened until the pressure Pj^ is raised to satisfactory operating 
pressure level, usually between .0 and 2,0 10"^ toit. If air which contains 
pbout 2 parts of helium per million is introduced into the sniffer, the response 
of the system con be analyzed os follows: 




E.R. No. 1029 


Poge 6 


Flow Into system through “Sniffer" - (2) 

Qt^Pf^t 

= 3.05 x 1.0 X lO"'* 

= 3.05 X 10”^ torr |/s 


1 7.6 

St “She 2.5 “ 2.5 

- 3.05 I/s 

Pf *^1.0 X 10""^ torr 


Since the air Is o mixture containing approximately 1 port of helium per 
500/ 000 parts of air the flow of helium will be “ - - 

3.05x10“^ 


Qhe - 


500/000 


5 X 105 


= 0.6 X 1 0"^ torr Mt/sec. 


This will result in a partial pressure of helium in the Moss Spec tube of — ’ 

Qhe 0.6 x 10"9 

P^e= ^ =0.79x 10"10 = 7.9 x lO-VVtorr 


She 


7.6 


P|ince the t|inimum detectable partial pressure of helium is 10”^^ torr the output 
mef^=d^flection-will be 7.9 times the minlmum“bbservable deflection, The 
ossumpt ion, -is made that in a dilute mixture of helium in oir that the flow through 
the sniffer lithe same for both helium and air. This is not always true. Helium 
flow moy be more or less than air through a ^lyen leak path depending on the 
geometry of the leak path. For this reason in analysis such as that made above 
is useful for estimating purposes only. In actual cases where quantitative results 
ore necessary direct coUbration on known mixtures at close to the expected leak 
rates is required. | 


E.R. No. 1029 


ll' is useful to note fh of as long as is held constant manipulation of Valve A 
will have no reaj effect on the sensitivity when the leak detector is operated 
in this mode. 


The usual mode of operation for this technique is to pressurize the test ortlcle 
with either helium or helium enriched compressed air mixture and probe the 
exterior of the article. If the "sniffer” encounters an area of high helium 


concentration the Output meter response indicates the presence of a leak. 
Careful moving of the "sniffer" results in maximizing the response and location 
of the leak. This technique, while not capable of the ultimate sensitivity of 
the direct vacuum method, is extremely useful in certain applications. 


The problem at hand is to measure "in-leakoge” of the face mask, regulator end 
exhalation valve of the FBS system being developed for NASA. It is proposed 
that a sample of the gas in the face mask'^e drawn through the Vsniffer'j^v/hen 
the mosk is worn by a number of subjects inside a hood which contains, a 
challenge atmosphere. The suitability of this technique i's tojpe evoiuated. 

The specified in-leakage rate Is 1 .5 cc/min. The breathing rate Is assumed 
to be 10 I/m. A challenge atmosphere of 10% helium may be assumed. 


The moximum allowable helium flow into the mask is - - - 



q| = helium flow into mask rr max. . 
allowable 

1 = mask leok rate ~ max. allowable 


E.R. No. 1029 


e 3''-. 


‘’I 


w h 

/ J ' 

T c 
2.5V10”^_ 

10 . 


2.5 X 10"<^ l/s 


!= 1.5 cc/min at Qtm pressure 
1= 1.5 

60 X 1000 

I = 2.5 X 10"^ lit/sec at atm pressure 

m = ratio air to helium-challenge atmosphere 

= 10 


10 


q 2 = breathing rate = 10 l/m = = 0.166 i/s 

Helium content of breathing gos - 2 parts/million 

qj = helium flow rate due ta breathing gas 
= 0.166x2 xl0-<^ = 0,33x10“*^ I/s 


Total heliurn flow Into mosk = <l3 = 2.83 x 10 ^ I/s 


Mixture ratio M air to helium In mask 

0.166 I/s 


M = 


«12 


^-6 


= 0.06x10'= 


qi + qa 2.83 x l o' 

6x 10^ (air to helium ratio) 


The inverse of M is 16 parts per million. 


Since calculations showed that the Leak Detector would give a deflection of 
approximately 8 times minimum for air with 2 parts per million^ we should get 
a deflection at maximum allowable leakage of 8 x or 64 times minimum. 

This should make it possible to get reasonably accurate quantitative results on 
mask leakage. The sensitivity could be improved by increasing challenge atmosphere 
helium concentration. A maximum improvement of a factor of 1 0 would be 
available if 100% helium were used. 
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Another factor to be considered is errors due to helium diffusion through the 
rubber and plastic parts of the face mask and the polycarbonate lens. 

The permeability of natural rubber for air at 7S°F is 4.9 x 10"® atm cc/sec/cm^/cm. 
Helium permeability is approximately 1 .9/1 .3-1 .46 times that of air. The face 
mask under consideration has approx. 13sq. In. of 0.050" thick natural rubber 
subject to air permeation. The helium flow rate is estimated at: 


= x4.9x 83.2 0.1 x1 0"^ 

' 0.13 103 

= 4.56 X 10“^ i/sec at 1 atm. 


K = 4.9 X lO'^^otnl cc/sec/cm^/cm 
for air (for 1 atm P) 

Ki “ K X 1.46 (helium/air permeabil ity ratio) 
A = 13 in ^ x-6.4 = 83«,2 cm^ 


t = 0.05" = 0.05 X 2.54 = 0.13 cm 
■^P — 0. 1 atm 


• O ■ ■ 

The lens of the face piece is made of polycarbonate comprising 67 in of material 
with a thickness of 0^050 in. An estimate of the helium diffusio^) through the 


lens is: 


*^5 


KA /^P 


= 5x67x6.4x0.1 x iPl?. 
0.13 103 

=* 15.9 X 10"^ I/sec at 1 atm 


K = Data for helium not available But 
data on air indicates a value of 
obout 5 X lO’S would be within 
an order of magnitude 
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Tfiie various sources of helidm flow into the mask volume ore: 

= 2.5 X 10~^ 1/s max. allowable mask leak rate, 
qg = 0.33 X 10“^ 1/s Helium content of breathing gas. 
q^ - 0.004 X 10”^ I/s Helium diffusion through ^astomer. 
q^ = 0.015 X 10”^ 1/s Helium diffusion through tens. 

Since^^the contribution of helium permeation and helium content of breothing gas 
(qg q 4 + q 5 = 0.35 X 10**^ I/s) totals only about 14% of the helium flow due 
to maximum allowable leakage, the method should be usable and subject to calibration 


^TD. L.£.AK 

popsr 



D1FFU5S10NJ 

PUMR 


/ MS.dHAl>JlCAL. 

VACUCq[v1 FUMR 


FlSaURE: I. 





i'- 


kCMOWW 

MIX.TUR& 
y J 


SsPec, 

TUBS. 


THROTTU& 

VAUVE. 


ouTPur 

M&TE.R. 


>KIiFF£R* 


HOS>£ 


HXTS.RNJAL. 

VAL-VEi 




COL.D TRAP 


VAL.Vi!L A 


• DIFFU^IOW 
PUMP 


0 
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DATA SHEET ^ 6 


'ZTZ.n'S* 


p/n _ 

S/N I 

Date 

Temperature "f 




Barometric Pressure 


TEST! 


OVERPRESSURIZATION PROTECTION 


Paragraph: 4..12 




Pa 


\ . \ 


5 


PARAMETER 

■ 

REQUIltp 

actual’ 

Step (4) Burst Pressure! 

Frangible Disc 

4500t-5000 PSIG^ 

■ 

too 









1 




MASK FLOVJ MASK PRESSURE 
LPM, NT PD INCHES 0? WATER 


_5JiTs I -O.S--Z 



-1.25 

300 



-2.0 


Page 1 of 1 


roraetric Pressure "7^' 


800 PSIG INLET 


MASK FLOVT '"MASK PRESSURE 
LPM, KTPD INCHES OF V7ATER 


5 


125 - 


to -1.25 


300 


-2.0 X 


Test Equipments ^ 


Tested bys 
Verified bys 
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ft ^ ^ 

DATA SHEET # 26 


P/N 2.1-Z.l S~ 

S/N 

Date g) - 
Temperature 

TEST* MASK WEIGHT . 

Paragraph; i 4 i27 ^tEc#*o«i>oei«. 

Weight of Mask/Regulator Assembly I \ 

lo25 lb, maximum allowed iy 
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DATA SHEET # 


P/N Z'lT.ig" 
S/N Z. 


Date . g>-sn-n'5> 


Temperature T \ * F=- 


TEST: 


M?bK WEIGHT 


.Barometric Pressure *74- \ vt.v«.\\y 


Paragraph j 


4.27 




4p •' \ • 4— 




Weight of Mask/Regulator Assembly \ V-fe \ — Ibah 


1.25 lb. maximum allowed 


!( ■ 

Te»t Equipment s Ui.*t 

VV'^' 




\9 






,v;!- 


V 

p 



Temperature 


I 

I 


I 

I 

I 

I 

I 

I 

I 

I 

r 

[■ 

[ 

i 


TESTS . " INWARD LEAKAGE (FACEMASi 

paragraph: 4, 24 


SUBJECT., NUMipR, 
Name, Date^ 


.1 


- 

2 


3 


4 


5 




7 


1 8 




10 


.11 " 


1 


>13 


14 


=^15 


r« 



^5 Test Equipments 



Tested 


Barometric Pressure 


LEAKAGE RATE 
(1,5 cc/min. max.) 
cc/min . 

REMARKS 

.. ^ 1 


w 



.--TV- 













. . 





. . 





* 



a by s 
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DATA SHEET # 8 


P/M 217.1'^ 

S/N _2z 

Date 7^7 
Temperature n 7 


Barometric Pressure 


TEST! 


PRESSURE 6AGE ACCURACY 


Paragraph s 4.14 


Increas iiig Pressure j 




Gage Reading 

10 X 100 psig 
20 X .100 psig 
30 X 100 psig 
full 

45 X 100 psig 


Required 

1000 ± 225 psig 
2000 + 225 psig 
3000 + 225 psig 
4000 +225 psig 
4500 + 225 psig 



- 2.^00 

A2-€i^ 


Decreasing Pressure; 


Gage Reading 

lO X 100 psig 
20 X 100 psig 
30 X 100 psig 
full 

45 X 100 psig 


Required 


1000 +225 psig 
2000 + 225 psig 
3000 ± 225 psig 
4000 ± 225 psig 
4500. + 225 psig 


JC'4o 

\«voc.> 

■^Ci'SCy 

•S&jOO 


Test Equipment s V » 


•Tested by! 


Verified by 
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3ET # 1 


Barometric Pressure TAt 


Required Actual 

10 scc/min. max, 

-0.1 to -O.s’ 
inches water 

-0.1 to -0.5 
inches water 

—0.1 to —0,5 
inches water 




— O ,3fc! 

- o. 3e> 

— e.34- 
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Fage of 4 


4 . 1.2 


INHAIATION FLCfW AT IIJTERMEDIATE AM) MAKIMPM SPECIFIED 
JSffiGATIVE PRESSURE 


Parameter 


Step (3) Plow @ -2.0 xiiches 

water 4000 psig inlet 


Step (4) Flow @ -2.0 Inches 

water 1000 psig inlet 


Step (4) Flow @ -2.0 inches 

water 570 psig inlet 


Step ( 4 ) Flow @ -2.0 inches 

water 100 psig. inlet 


Step (5) Flo/W @ -1.25 inches 


water 4500 psig inlet 


Step (5) Flow @ —1.25 inches 

water 10 00 psig inlet 


Step (5) Flow @ -1.25 inches 
water’ 570 psig inlet 


Step (5) Flow @ -1.25 inches 
water 100 psig inlet 


Test Fguxpntent 


Resnlting Flow 
LPM.NTPD 


S!^C5 


4^0 




A s<=» 


3 .- 3.0 


*22-S" 


i 

















Required 


Actual 


'-1.25 inches 
Water Max. 

+2,0 Inches 
Water Max. 

880 to 830 
PSIG 

N/A 


x:;^- 2.0 inches 
'^ater Max., 

+4.0 inches 
Water Max. 

880 to 830 
PSIG 


— . 

-V \ .*2_ 

03.O 

■ 

VA\« *aL!p 

I • 



*2.^ 

^S. »o 










Dynamic Flow Requirements 
Peak Flow & Mask Pressure 
2^7 LPN Peak Flow 
Purge Valve Closed 

8/16/73 



Hask Pressure 


Mask Flow 


NOTE; 


Calibration appears on the page showing 
257 XiPM peak flow chart o 


Dynamic Flow Requirements 
Peak Flow & Mask Pressure 
476 LPH Peak Flow 
Purge Valve Closed 




Appendxx A 

. . . • .DATA S' 


P/N 

s/m ~ 2 - 

Date 

Temperature T%>‘^ m 

TEST; DYNAMIC PURGE CAPABILITY 

_ f 

Paragraph; 3.1 


Parameter 


Step (3) Pe^Uc Inhalation 
Pressure 

Step (3) Peak Exhalation 
Pressure 

Step (3) Low Pressure Alarm 
Actuation Pressure 

- i. 

Step (3) Total Time from 

High -to Low Cylin- 
der Pressure 


• I Step (4) Peak Ihhalation 
Pressure 

Step (4) Peak Exhalation 
. Pressure 

Step (4) Low Pressure Alarm 
Actuation Pressure 

Step (4) Total Time from 
S High to Low Cylin- 

der Pressure 


Test Equipment: 


ST“ 


li 



Mask Pressure 
Inches of Water 
Calibration 


Peak Mask Flow 
LFH, NTPD 
Calibration 



Dynamic Purge Flow 
Peak Flow & Mask Pressure 
257 LPM Peak Flow 
; purge Valve' Fully Open 








11‘J 



NOTE ; Calibra-tlon appears on ±he page 

showing 257 I*PM peak purge v±low chart. 


Dynamic Purge Plow 
Peak Flow & Mask Pressure 
476 liPM peak flow 
Purge Valve Fully Open 

8/16/73 
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Eage 1 of 1 


DATA SHEET # 21 


P/W 'Zl'zn 

S/N ^ 


Date 

Temperature 


TEST; 


Barometric Pressure 7*^ \ 

LEAKAGE (CYLINDER VALVE/CYLIITOER ASSPJIBLY) ■ 


Paragraph: 4.21 


‘S&cv o cjs. 


2L. V 


"2L- Ca 


Total leakage 


cc/24-hr. 


'Lepage Rate 


O 


cc/hr, 

(0.5 cc/hr. maximum) 


Test ^uipments ^ 






1 


BR-1027 Page _1_ of 1 

Appendix A 

DATA SHEET # 22 


P/H zn '2.1 S~ 

S/N Z-_ _ -■ . 

Date 

Temperature T Barometric Pressure 

TEST; ACTUATION (DEPLETION WARNING DEVICE) 


Paragraphs 4.22 cjgt- *2- PKssps -v/z 


Actuation Pressure ^ PSIG 

(•880 to 830 psig required) 


Remarks s 


Test Equipments L\^-r 





. •!! 
a 


w 



,/ 





Tested hy% 

verified bys ??»-{ C? 0 








r 

E 

I 




Tested by: 



Verified by: 


ER-1027 
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Page ■ 1 of 2 


DATA SHEET # 10 


P/N 

S/K 

Pate 

Temperature 2Z Barometric Pressure _ 

TESTj HIGH TEMPERATURE OPERATION 

Paragraph: 4» 15* 3 3s \ 

i • ’ ' . ^ ^ 

chamber Data: 


Step 

2a 

1:20 ± 5PF 

6 hours minimum 




Date 


Time in li *. A-v «sish 

Temp, 



Date 


Time out 5r%A-r-v=^K 

Tem£. 

V*7 0 

Step 

2b 

154 + 5<^P 

4 hours minimum 




Date 


Time in 4-’. 

Temp. 



Date 


Time out \o A^r-v*»A 

Temp. 


Step 

2d 

120 ± 5®P 

6 hours minimum 




Date 


Time in 1 \ ^ 

Temp. 

\'20 


Date 


Time out 

Temp, 

V 


154 ± 5°^F 4 hours' minimum 


Date 


Time in 


Temp. 


Date 

^ - v®K- 

rime out 

10 •. A 

Temp . 



120 + 5°F 

6 hours minimum 



Date 


Time in 

1 1 " 

Temp. 


Date 

^ T=b. 

Time out 

\ A=r^^ 

Temp. 

\"2 0 


154 + 5°F 

6 hours minimum 

. 1 


Date 


Time in 


Temp. 


Date 


Time out 

Lo * A-=TrP*>A 

Temp. 



J 


ER-1027 . . • page 2 of 2 

Appendix A . 

Step 2e 200 ± 5^F 8 hours tniniTnum 

Date ff’ - W"va. Time in \ \ Temp. 

Date S - ic3 Time out •. %c: Temp, .-zcao 

Test Kquipment; Ux'.t ii^ rz- 


PRE TEST STATIC FLOW CHECK; Date ^ -^^3 


2000 

PSIG INLET 

MASK FL0V7 

MASK PRESSURE 

LPM. NT PD 

INCHES OP VTATER 

■ 5 1 

. -. -3<&. 

125 

— ^:s~ 


-1.25 

300. 

— '-^C5 

1 

-2,0 


8 00 PSIG INLET 


MASK FLOW 
LPM. NTPD 

I4ASK PRESSURE 
INCHES OF WATER 

5 . ■ 

— . 4--Z. 

125 "j 

— . €y^- 

Z 

-1.25 

.300 


c«.'s^ A 

-2.0 ; 


HIGH TEMPERATURE STATIC FLOl^ CHECK ? Date fV - -20 -n3 > 


r 2000 PSIG INLET 1 

Mask tiovr ^ 

LPM, NTPD 

MASK PRESSURE 
INCHES OF WATER 

5 

..' - 3s ; 

125 

— Ofe 


-1.25 

300 


1 

-2.0 


800 PSIG INLET i 

MASK FLOW 
LPM, NTPD 

I'lASK PRESSURE 
INCHES OF WATFR^ 

■5- 


125 



-1.25 

300 

-V^3S 

<fe> 

o 

» 

CM 

1 


POST HIGH TEMPERATURE STATIC FLOl? CHECK; Date S 


[ 800 PSIG INLET 

MASK FLOW 
LPM. NTPD 

JIASK PRESSURE 
INCHES OF WATER 

5 


125 

. *1'^ 


-1.25 

300 


fr-a-S" 

-2.0 


I 2000 PSIG INLET 

MASK FLOW 
LPM, NTPD 

MASK PRESSURE 
INCHES OF WATER 

,5 ■ 

— . ^V”0 

125 

-os 

<5^ C 

-1.25 

300 

~ .‘VST 


-2,0 


POST TEST IKSPECTIONi 





Tested bys 
Verified by 
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DATA SHEET ^ 9 


P/N 

S/N /Z- 

Date l-'Zn-n'b. 

Temperature " - . Barometric Pressure — 

TESTS LOW TEMPERATURE OPERATION 

Paragraphs 4.15.2 

Chamber Pat a s 

Step 2a -60 t 5*^# 4 hours minimum 

Date Time in \ t'. e»o> <>.»«. Temp. -c.q 

Date 1 Time out *g, csr^ f=»>^ Temp. .- Ct «j> “ C- 

Step 2b Visual Inspection ■* 

Remarks: 

o 

Step 2c -60 j: 5 F 8 hours minimum 

Date Time in o<=^ Temp. -Cuo 

Date Time out. ^ Temp. ^ — c-c* °t= 


step 2d See data. Page 2. 


Step 2e See data. Page 2. 


ER-1027 
Appendix A 


Page 2 of 2 


1 


Data Sheet #9 (continued) 


PRE-TEST STATIC FLOW CHECK »* Date 


1 . 2000 PSIG INLET 

1 MASK FLOVJ 
1 LPM. NT PD 

MASK PPJ3SSURE 
INCHES OF WATER 

1 . ,5 

- ■ 

125 


1 

-1.125 

300 

\ , t"i fti 

1, 

-2,0 


r 2000 PSIG INLET 

MASK FLOW 
LPM. tTTPD 

MASK PRESSURE 
INCHES OP WATER 

5 


125 

-•St. 

UV> 

>1.25 

300 




-2.0 


800 

PSIG INLET 

MASK FLOW 
LPM, NTPD 

MASK PRESSURE 
INCHES OF WATER 

5 

— . ‘^-Cn 

125 

1 

) ■ 
JT 


-1.25 

300 ■ . 



-2.0 

FLOW CHECK; 

Date 



800 

PSIG INLET 

MASK FLOW 
LPM, NTPD 

MASK PRESSURE 
INCHES OF WATER 

5 

C^(t. 

125 

_ .ehc^ ■ 


-1.25 

300 



-2.0 




V_fl6-Vnc.. Afr ■tvo'.jtJStt r’ceSE2S*-!?fc 

^ ^ Cj V> te» <»ti 

POST LOW TEMPERATURE STATIC FLOW CHECK? Date 


1 2000 PSIG INLET j 

MASK PLOW 
LH4» l^irFD 

MASK PRESSURE 
INCHES OF V7ATER 

5 


125 



-3T:25 

300 


1 

: -2,0 


I .800 PSIG INLET 

MASK FLOVJ 
LPM. NTPD 

MASK PRESSURE 
INCHES OF WATER 

5 


125 



-1.25 

300 



-2.0 


V-aiCrT“ T 

Test Equipments ^ 


Visual Inspections 


Tested bys 

lf<»..S W». "X^. (1 r*™0 






ER-1027 
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DATA SHEET # 9 


p/N 'Zi'z m ^ 

S/N - ^ 

Date -1-3 

Temperature , ~~ 

TESTS LOW TEMPERATURE OPERATION 


Paragraphs 4.15.2 


Barometric Pressure 


-><=C5,*ots. ViCJi- "i» y>V^L<a.- 


Chamber Data: 


Steo 2a -60 + 5 P 


4 hours minimum 



Date 

Time in 


Date 

Time out 

Step 

2b 

Visual Inspection 


Remarks : 

Step 

2c 

o 

-j^O T* 5 F ■ 8 hours minjbnuia 


Date 

'1 

Time in A '■ 

Temp. 

- A?i V— 

Date 


Time out. 6 *ic- 

Temp. 


Step 2d 

See data. 

,ir’ 

Page 2. 

• 


• 

Step 2e 

See data. 

Page 2. 
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Data Sheet #9 (continued) 


PRE-TEST STATIC FLOW CHECK? Date 




I 2000 PSIG INLET 

MASK FLOV7 
LPM, JSTPD 

MASK PPJISSURE 
INCHES OF V7ATER 

5- 

(ci 

125 

- . -It. 

X»C> 

-1.25 

300 

— 

Sfcp • 

-2.0 


LOW TEMPERATURE STATIC 


f 2000 PSIG INLET 

MASK FLOW 
-LPM. CTPD 

MASK PRESSURE 
INCHES OF WATER 

5 

- . “2-3 

125 

- . "t ^ 


-1-25 

300 

_l.og 


-2,0 


800 

PSIG INLET 

MASK FLOW 

MASK PRESSURE 

LPiM, NTPD 

INCPIES OF WATER 

5 

-- * 

125 

— .CoS 

• *3^ 

-1.25 

300 

— \Vfi 


-2.0 

PLOW CHECK; 

f Date 

800 

PSIG INLET 

MASK FLOW 

MASK PRESSURE 

LPM. NTPD 

INCHES OF VTATER 

5 


• 125 

— - S^iAr 


-1.25 

300 

— 1 

: ,.-Jc:3^ 

-2.0 










POST LOW TEMPERATURE STATIC FLOW CHECK; Date 


1 ' 2000 PSIG INLET 

MASK FLOW 
LPI4. NTPD 

MASK PRESSURE 
INCHES OF WATER 



fi25 


1 

' -1.25 

3Q0 



. -2,0 


Test Equipments ^ 


! .800 PSIG INLET ! 

MASK |LOV; 
LPM. 4t?PD 

MASK PRESSURE 
INCHES OF WATER 

5 


125 



-1.25 

300 


• 

0 

CN 

1 


Vt 


Visual Inspection: 




Tested by 






ER-1027 )) Page JL. of _2 

Appendix A 

I 

3) DATA SHEET # 9 


P/N 

sA ^ 

Date S --?o 

Temperature ^ Barometric Pressure 


TEST; 


LCM TEMPERATURE OPERATION 


Paragraph ! 


4,15.2 






3 


VVs«2jPV 


Chamber Data ; 

Step 2a 5^F 4 hours minimiim 

Date 6 Time in \ ^ Temp. 

Date fi- Time out a • c<^ 7emp. 

Step 2b Visual Inspection 

Remarks: ^ ^<esjsA'«'5ust. 






C?^ 




— o 

step 2c -i^<r + 5 F 8 hours minimum 

Date ti • '20 > 'V^ Time in h *>g> ?* h Temp. 

Date - •? V • Time out. ftp Temp. ~ A-g^’^F 


'Step 2d See data. Page 2. 


See data. Page 2. 


Step 2e 



Page 2 of 2 


1 


ER-1027 
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Data Sheet #9 (oontinued) 


PEE-TEST STATIC FLO?7 CHECK 


7 Date 


2000 

PSIG INLET 

MASK FLOW 
LPM. NTPD 

MASK PRESSURE 
INCHES OF V7ATER 



-1.25 




- 2.0 



800 PSIG IHLET 


JVLASK PRESSUEE 
INCHES OF WATER 




300 


-1.25 


- \ o 


- 2.0 


DOW TEMPERATURE STATIC FLOW CHECK 




2000 PSIG INLET 


MASK FLOV7 MASK PRESSURE 
LPM, KTPD I INCHES OF WATER 



- ,'SC- 


-1.25 




- 2-0 



800 PSIG INLET 


I-iASK PRESSURE 
INCHES OF V7ATER 


— . ^ 


-1.25 . 




- 2.0 


POST LOW TEMPERATURE STATIC FLOW CHECK; Date 



2000 PSIG INLET 


MAS^ FLOW I-UiSK PRESSURE 
LPH. NTPD I INCHES OF V7ATER 


5 I 


— .so 


-1.25 


_ 3005>t I — • SCi 


S-J(> 


.800 PSIG INLET 


>IASK FLCW liASlC PRESSURE 
LP.M. NTPD I INCHES OF WATER 


300 






- 2.0 


Test Equipment s L. ^ ^ lo, u ^ i-2. 


Visual Inspection I 


Tested by: 



. . V-V*-. 0 (?ve« 
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DATA SHEET # 11 


P/N 

sAi ^ 

Date fz , - 2 .^ 

Temperature ' — Barometric Pressure 

TEST: RELATIVE HUMIDITY 


Paragraph: 4 . 15 . 4 


Chamber Dat a ; 
Step 2 


11b ± 5°F 


2 hours minimum 


Date ^ • ’Z-~2. Time in Temp. Uc> 

Date Time out \ \ ‘. Tei^g?. t \ o * ^ 


Step 3 77 + 5°P 5096 R. H. 24 hdirsC 

Date S Time in V\', Temp. 


1 Date 


Time 

in ‘h* ‘^c'j p+*. 

1 . Date 

6 -20 

Time 

out 3^ 



ER-1027 
Appendix A. 


Page 2 of 2 


PRE-TEST STATIC FLOW CHECK ^--1*3:. 


o 

o 

o 

<s 

PSIG INLET 


800 

PSIG INLET 

[ MASK FLOW 
1 I, PM, NT PD 

RASK PRESSURE ^ 
INCHES" OF WATER 


MASK FLOW 
LPM. NTPD 

!4?\SK PRESSURE 
INCHES OF WATER 


— . "T? 


5 

-.2:^ -- 

125 - 

~ .le 


125 

~ no 

SSS" 

■^1-25 


nr^ ‘s- . _ ._ 

-1.25 

300 ' 

— l-0<r» 


300 

— V-‘2‘:2_ 

5ii>c^ 

-2.0 



-2.0 


RELATIVE HUMIDITY 

\ 

STATIC FLOW CHECK 

o 

o 

o 

CN 

PSIG INLET 


800 

PSIG INLET 1 

1 mSK FLOW 
1 LPM, NTPD 

M7vSK PiUESSURE 
INCHES OF WATER 


JMASK FLOW 
LPM, NTPD 

ilASK PRESSURE | 
INCHES OF WATER 

1 5 



5 

— • 

125 

— 


125 . 

— * 

S'C-c^ 

-1,25 



-1.25 

300 



300 

“““ K~ (e* 

1 2S 

-2.0 '= 


ip “zo 

-2.0 


POST RELATIVE HUMIDITY STATIC FLOW CHECK 


f 800 PSIG INLET 

MASK FLOW 
LPM. NTPD 

MASK PRESSURE 
INCHES OF V7ATER 

5 

- - 

125 

^ < 4? ^ 

3eC! 

>1,25. 

300 

— l - *7'5‘ 

4^ "2 ^5^ 

-2.0 


1 2000 PSIG INLET 

I4ASK PLOW 
LPM, NTPD 

MASK PRESSURE 
INCHES OF V7ATER 

5 

— - 

125 

— .“T't- 

1 *^Cc<Ot 

-1,25 

I 300 

*■: - *^'5. 

1 

-2.0 


Test Equipment; t-isr ^ 57. 

o 


visual Inspection; <- owc.**. ». 


Cc:C^ L- 


H» A*>c!as^ CS*Ct!G: vTs»-»^ 


— ... .... 


Tested by: 
Verified by: 
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Appendix A 

DATA SHEET # 12 

P/N S" 

S/N “2- 

Date . 

Temperature ~ _ Barometric Pressure ^ 

TSSTj SAiiT FOG ^ 

* » 

Paragraph : 4.16«1 3 ^ ^ ^ 


PRE SALT FOG STATIC FLOW CHECK 


1 ^ 2000 PSIG INLET^ ^ 

' 

800 PSIG INLET 

MASK FLOW 
LPM. ETPD 

I'lASK PRESSURE- 
INCHES OF WATER 

MASK PLOW 
LPM. NTPD 

RASK PRESSURE 
.INCHES OF WATER 

5 


5 . . 

.. 

125 

— 

125 

— * 

1 Slr<? 

-1.25 

*3 e 

'■ ^ -r,1.25 

300 

— . *5'2- 

300 

' V . S~ 


-2.0 


0 

CM 

1 

POST SJ^T FOG $TATIC FLOW CHECK 

- ■ ' . ' '■ * ... 

r 2000 PSIG INLET 

. 

. 

800 PSIG INLET 

J4ASK FLOW 
LPiM. NTPD 

MASK PRESSURE 
INCHES OF WATER 

MASK FLOW 
LPM; NTPD 

MASK PPEISSURE 
INCHES OF WATER 

5 

- / 

5 


125 

** * Sfe 

125 

— .“70 


-1.25 


-1.25 

300 


300 

- __ 

1 

-2.0 

C* 2jo 

-2.0 


Chamber Data; Date d> -"Zjg? -">3 Time in Temp. *>- 

Bate « s - Time out. v ’ Temp. ^ g'* 

Humidity % R. H. 


Test Equipments \ ^ ^ ^ 


Pai;t Test Inspections 


/ 


Tested by: 


Verified bys V cLJC?. — 





ER-1027 
j^ppcndix A 



Page 1 of 2 


I3ATA SHEET 14 

» - 
t 

P/N 7rr^s~ ^ 

S/N 

Gate 

Teamperature ^ .- Barometric Pressure 


TEST; IMPACT SHOCK • 

paragraph; 4.16.3 "3> 


PRE IMPACT SHOCK STATIC FLOW CHECK 


o 

o 

o 

i 

i 

PS IG INLET 


800 

PSIG INLET 

MASK FLOW 

MASK PRESSUPvB 


MASK FLOW 

MASK PRESSURE 

LPM, I?TPD 

INCHES OF WATER 


LPM, NT PD 

INCHES OF V7ATER 

5 

-w , 


5 ■ 

— 3.^^ 

125 


. 

125 

— .'7fr 


-1.25 



-1.25 

300 



300 



-2.0 


SlriO 

-2.0 


POST IMPACT SHOCK STATIC FLOW CHECK 


1 800 PSIG INLET 1 

MASK FL0V7 
LPM. NTPD 

MASK PRESSURE 
INGIiES OF WATER 

• ■ . s . 


125 



-1.25 

1 300 


1 

-2,0 


} 2000 PSIG INLET 

MASK FLOW 
LPM . . NTPD 

MASK PRESSURE 
INCHES OF V7ATER 


J- « ■."1. ^ 

125 



-1.25 

300 



f 

O 


Test Equipments 




ER-1027 
. Appendix A 




Page 2 of 2 


Visual Inspection Requirements s 


Shock 1 ^ 

^ ^&hMRL 




Shock 2 <g 


a ^ V 


Shock 3 ^S£^:r*v^^i«3. '»>«^ ftW CL.^ V- 4-^x> ftra_ /^n— wuS 

d-Hvi^-to J*^:;a5. ■Sc.vi. r*5^t«s3» 


Shock 4 ^Vvw42*«>ftt=» oC C-'l.k 


Tfcfe ^<<crr-“ of=- 


Shock 5 C"^v*-aF«a- 






shock 6 ^ 

C toe 






05^0^ 




'O ^^-<2VVS,T' ^ «=f \^^ 


Tested by: ‘ 

Verified by: 


' ^X^CvVoj \ 


*‘ 


- ER-1027 

P Appendix A 


Page 1 of 2 


DATA SHEET # 14 


S/N -z. 

Date ^ -n 

Temperature — 


Darometric Pressure 


TEST! 


Paragraph; 


IMPACT SHOCK 


4.16.3 




-A- (q 


PRE IMPACT SHOCK STATIC PLOW CHECK 


2000 PSIG IHLET 
MASK FLOW I I4ASK PRESSURE ~ 
LPM, ITTPO -IHCIIBS OF WATER 

5 

125 

nfc> -1.25 

300 

Ano -2.0 


800 PSIG INLET 
MASK FLOW I ^lASK PRESSURE 
LPM/ HTPD INCHES OF WATER 
5 • 


5 • 
125 

300 


-1. 25 
-t.4~ 
“ 2.0 


POST IMPACT SHOCK STATIC FLOW CHECK 


V^Cb'r — 


2000 PSIG IWLET 
MASK FLOW MASK PRESSURE 
LPM . KTPD INCESS OF VTATER 

5 \ f 

125 

— 

300 - 

- 2.0 


800 PSIG INLET 
MASK FLOW mSK PRESSUPsE 
LPM . NTPD INCHES OF WATER 
5. 7 

12^ . ; 

- - - : 

300 ^ __ 


Test^ Equipment s V\^r V. -14 
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DATA SHEET # 15 


P/N -2^-2 

S/N • . 

Date 

Temperature — 




Barometric Pressure 


TEST: 


HIGH PRESSURE HOSE TO CYLINDER VALVE CONNECTOR 


Paragraph: 4.19..1 




TOTAL CYCLES 


INSPECTION CHARACTERISTICS 




1000 


v=-cs '-e 


1500 


V-JCa V.1- 


■200i6; 


2500 


3000 


3500 


ifstCa 


4000 




4500 


5000 




tlr=- 






Test EK^ipment! 


V-v ?»-r 


4 - «.-.••* 


origin:^ page 13 

OP POOR QUALrPY 


. Tested by; 


Verified by: 
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DATA SHEET # 17 


2-rz.' 




' Baroraetric Pressure 

BREATHING REGULATOR TO FACEMASK CONNECTION 

4,19.3 4- -V. 


500 

1000 

1500 

2000 

2500 

3000 

3500 

4000 

4500 

5000 


1 LEAKAGE 

i Inward 

Outward 

1.5 cc/itiin 

max 

200 cc/min max 












Cr 






^3:- 




• V-vC; 



■* 






wCswCiE. 


^ ^ 
<1 ^ 
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DATA SHEET # 18 


P/N ’Zl~zn^ 

S/N ... “Z- 

Date (0-1 

Temperature 3 ;^;;; Barometric pressure 


TEST: CYLINDER MOUNTING IN BACKPACK 


Paragraph: 4.19.4 


*V^/vc5lA. A- A-. A- 



Unit Performance: 




Acceptable 


Unacceptable 


Post-Test Inspection: 


C-- b«*i- /Vt- TOv». *V5=i=lS; 


CH». •i,«, lCVv^'W.'\ 







AGli IB 



. Tested by: 
Verified by 




\ 


ER-1027 Page 1 of ^ 
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DATA SHEET # 19 


P/N 

S/N ^ 

Date 

Temperature "V=- Barometric Pressure "7'*^"^- 


TEST: 


OPERATIONAL CYCLING 


Paragraph: 4.19.5 


INHALATION MASK FLOW 





1 2000 PSIG INLET 

1>IASK FLOV7 
LPM, NT PD 

MASK PRESSURE 
INCHES OP WATER 

5 


125 



-1.25 

300 


1 

-2.0 


I 800 PSIG INLET 

jyiASK FLOW 
LPM, NT PD 

MASK PRESSURE 
INCHES OF WATER 

5 


125 

— . "?“i- 

^OC2 

-1.25 

300 


tnc> 

1 

to 

« . 

o 

1 


EXHALATION MASK FLOW 
LPM, NTPD 

MASK PRESSURE 
INCHES OF WATER 


-V V- \ 



Test Equipment: ^ 



4 ^ ^ 


DEPLETION AIARM ACTUATION 
LEAKAGE (none allowed) s VcC:>v:.e: 


PSIG. 


A 




. Tested by : 
Verified by: 
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DATA SHEET # 19 


P/N 

S/N ' 

Date , 

Temperature 

TESTS OPERATIONAL CYCLING 


Paragraph : 4.19.5 o ^ 


T^'S.'r 


Barometric Pressure 


•5"0C3C> 


INHALATION MASK PLOW 


to 

Q 

O 

o 

PSIG INLET M 

i.lASK FLOW 

MASK PRESSURE 

LPM, NTPD 

INCHES OF WATER 

5 


125 


3oo> 

-1.25 

300 



-2.0 


800 

PSIG INLET 

MASK flow' 

iHASK PRESSURE 

LPM, NTPD 

INCHES OF WATER 

5 


125 

, i.:-" n 1 

3*io> 

-1.25 

300 : 

V'Br 

S"?c> 

- -2.0 


EXHAI^ION MASif FLOW 

L^yi^ ntpd| 

MASK PPESSOib 
INCHES OF WATER 

/I ’■ / 

\\ 

■''V. 

. -2 

■ 

=4®=^ -V V A 
- 44 =~ -V"Z..'c?) 



Test Equipment; \, v^.t- ^ V, 

DEPLETION ALARM ACTUATION 
LEAKAGE {none allowed) ; l<5e:3*K-s 



. Tested by; ^ 

r 

Verified by; 
































I 

I 

I 

I 
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Appendix A , . 

DAI* 


P/N 7n^n^ 

S/N ^ 

Date 10- fe-~T3> 

Temperature ' 

testj purge valve 



TOTAL CYCLF 


' 500 
1000 
1500 
2000 


2500 

3000 

3500 

4000 


« 4 Q. 


4500 


5000 








S*age 1 of 


SHEET # 1 


Barometric Pressure 


Required Ac 

10 scc/min. max. d.-'V 

-0,1 to “0.5 - 

inches water 


“0,1 to -0.5 
inches wat^r 


-0,1 to -0..5 
inches water 
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4.1,2 IHHAIATION FLOW AT INTERMEDIATE AM) MAXIMUM SPECIFIED 

NEGATIVE PRESSURE 


Parameter 


Step (3) Plow @ -2.0 inches 

water 4000 psig inlet 

Step (4) Flow @ -2.0 inches 

water 1000 psig inlet 

Step (4) Plow @ -2.0 inches 

water 570 psig inlet 

Step (4) Flow @ -2.0 inches 

water 100 psig inlet 


Resulting Flow 
LPM.NTPD 










step (5) Flow @ -1.25 inches 

water 4500 psig inlet 

Step (5) Flow @ —1.25 inches 

water 1000 psig inlet 

Step (5) Fiow3i,^-li 25 inChesO 
water 576 psig inlet 

Step (5) Pldw ^ - 1. 2 Inches^ - 
water 100 psig inlet 










Test Eguxpment 
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4,1.3 ' EXHALATI0#^'INITIATI0N & STATIC FLOW 


Parameter 


Recmired 


Actual 


Step {3) Exhalation Initiation 

0.1 to 0,5 
inches water 

-to .-2, 

L.' 11 

Step (4) Exhalation Flow @ li 

+2,0 inches water 
mask pressure 

257 LPM NTPD 
minimum 


Step (4) Exhalation Flow @ 
+4,0 inches water 
mask pressure 

• 476 EPM NTPD 
minimum 




Test E< 3 uipment j \ \ 9 


ly 











n • 


1 
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Page 4 of 


^ . 1. 

i'l 

4.1.4 DYNAMIC FLOW REOUIRfMENTS 

I, 






\v 

Parameter 

Required 

Step (3) peak Inhalation 

-1.25 inches 

Pressure 

Water Max. 

Step (3) Peak Exhalation 

+2.0 Inches 

Pressure 

Water Max. 

Step (3) Low Pressure Alarm 

880 to 830 

Actuation Pressure 

PSIG 

Step (3) Total Time from 

n/a 

High to Low Cylin- 


der Pressure 


Step (4) Peak Inhalation 

-2.0 inches 

Pressure 

Water Max. 

Step (4) Peak Exhalation 

+4.0 inches 

Pressure 

Water Max. 

Step (4) Low Pressure Alcurm ■ 

880 to 830 

Actuation Pressu^ 

PSIG si 

Step (4) Total Time from 

n/a 

1 High to Low Cylin- 


1 der Pressure 


I 



Actual 


n 


— V ' 
~V Ci 


sc> 


*o 


Cs 


Test Equipment: "Z, * f" 


Tested by 




Verified by: . ^gwS^T 



s 


T 

h 




NOTE S ' Pen on flow channel 
inoperative. 


Mask Pressure 
Inches of Water 
Calibration 




Dynamic Flow Requirements 
Peak Flow & Mask Pressure 
257 LPH Peak Flow 
Purge Valve Closed 

12/3/73 

















ER-1027 

Appendijsik 

' . DATA S 

!l 

li . ^ 

P/N ' 7'l'2n^ 

S/N . 

Date \rz. - T 3a 

Temperature — ; • . 


TEST? 


DYNAMIC PURGE CAPABILITY 


Paragraph; 


4.3.1 






• - 

“ 

Parameter 

step 

(3) 

Peak Inhalation 
Pressure . 

Step 

(3) 

Peak Exhalation 
Pressure 

Step 

' . 

(3) 

Low Pressure Alarm 
Actuation Pressure 

Step 

(3) 

Total Time from 


High to Low Cylin- 
der Pressure 



Step (4) Peak Inhalation 
Pressure 

1 

Step (4) Peak Eijchalation 
. Pressure 

V. .. • 

step (4) Low Pressure Alarm 
Actuation Pressure 

Step (4) Total Time from. 

High to Low Cylin- 
der Pressure 


-to. 


Test Equipment: 






Requ ir ed 

-1.25 inches 
Water Max. 

+2.0 Inches 
Water Max. 

880 to 830 
PSIG 

N/A 


-2,0 inches 
Water Maxv 

+4.0 inches 
Water Max. 


' Actual 
— \." 2.0 

S' 

-V 4r- 


880 to 830 
PSIG 

‘ N/A 
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Page 

- - * . -I 

DATA SHEET # 2 (continued) 


I'zn'^k 


I sM 

JJate \\* ^ 


Date \\- 

Temperature . / - 


Temperature . / ~ Barometric Pressure . > 

® TESTS STATIC PURGE CAPABILITY 

Paragraph s 4.3.2 '4-.'^, 3 s. 


PARAMETER 

REQUIRED 

ACTUAL 

step (3) Plow at 4000 psig 

* 

111.2 LPM NTPD 

Hi'S" 

cylinder pressure 



I ■ 3500 

1 

V'lO 


3000 


1000 


IP 

pi 













Paragraph ; 








, Tested bys 

17 


B«„ 







Paragraph: 4.21 




Total leakage 




cc/24-hr. 


Leakage Rate 


o 


cc/hr. 


(0.5 cc/hr. maximum) 


Test Equipment; L 




Tested by; 





Vni-ificd bvs 



paragraph; 4.22 gi Vo. <L^ S“ 


Actuation Pressure PSiG 

, . (880 to 830 psig required) 


Remarks : 


0 

t 'l- 

\*3*r ^ »» 




I 
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Appendix A 

DATA SHEET # 23 


p/N m'2n ^ 

s/n 

Date' \ WSCs-"! 3> 

Temperature - — Barometric Pressure 

TEST s SIGNAL FREQUENCY AND IMTEKSITY 

Paragraph ; 4.23 *S> cg=^ *5 ^ S 


Background noise level CsT^— dB. 


MASK PLOW 
LPM, NTPD 

SIGNAL INTENSITY 
dB (70 to 90 dB 
required) 

SIGNAL 

FREQUENCY 

Hz 



'h^-7C> 



Test Equipments 











1 / 




Tested bys 
Verified bvs 




1 


ER-1027 
Appendix A 



I>ate \‘7- - 

Temperature ;;;; 


DATA SHSST # 6 


Page 1 of 1 


Barometric Pressure 


TEST: OVERPRESSURIZATION PROTECTION 

Paragraph: 4.12 ^ ^ 



PARAMETER 

. REQUIRED 

ACTUAL 

Step (4) Burst Pressure 

Frangible Disc . 

4500-5000 PSIG '' 

* 

A \oo 





Test Egtyipinenti 

r 


% 















!' 


jfy 


Tested by: 





. T>. 
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/. DATA SHEET 


P/N 

S A 7- 

Date h- 
Temperature — 


TEST; 


PRESSURE GAGE ACCURACY 


Paragraph ; 4 , 


Tncreasina Pressure 


10 X 100 psig 
20 X 100 psig 
30 X 100 psig 
fuli 



Barometric Pressure 


-A- <o • "2 



Required 

Actual 

1000 +225 psig 


2000 + 225 psig// 


3000 + 225 psW 


4000. + 225 psfg 


4500 + 225 psig 



Pressure 


1 Gage Reading 

Required 

Actual 

1 10 X 100 psig 

^000 +225 psig 


1 20 X 100 psig 

2000 +225 psig 

l«» c\ 

30 X 100 psig 

3000 + 225 psig 


fuli^ 

4000 i 225 psig 


45 X 100 psig 

-■ - . ■■■ '• 

4500 + 225 psig 

^-3 SO 


Test Equipment: 


Tested by s ‘ 

Verified bys ^JL ^ et , 
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■ Appendix A 

1 

DATA SHEET # 4 

1 p/N 'Zi'z.n'^ 

• S/N 

Date \"2 - 

1 Temperature — 

n ' _ * 

Barometric Pressure " 

B TEST; BURST PRESSURE ^ 


Paragraphs 4.5 


7 


COMPONENT 


PRESSURE 

(PSiG) 


POST TEST 
INSPECTION 


Cylinder & Valve 
Assy. 

High-Pressure Hose 

Pressure Reducer 
(high-pressure 
section) | 

Pressure Reducer 
( low-pr e s sure 
section) 

Low-Pressure Hose 
Breathing Regulator 


11,250 

11,250 

11,250 

. 312,5 

312.5 

312.5 


, 

\v'SCs 

c-j 


Test Equipment; l_v*,-r ^ (r , ^ 


Tested by; 
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EXHIBIT III 



/ 





Engineering RejxDrt No. ER-1039 

Firefighter * s Breathing System 
NASA Contract No. KAS9-13177 


Facepiece-to-Face Leakage Development Tests 
Farmraphs 4.24 and 4.25 (ER-1027) 


Dated s 14 February 1974 




Approved by? 



/dr‘. L. Sullivan 
^Manager of Bngineering- 
Health/Safety Products 
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1.0 IliSiTRODUCTION 

' Inward leakage sealing c!^arac£eristics of tiie 
Firefighter's Breathing System (PBS) facemaak 
were determined escperimen tally by utilizing a test 
panel of 16 selected subjects, exposing each to a 
challenge atmosphere While wearing the mask and 
determining the amount of challenge atmosphere d 
le^age^ ^nto the mask. 

Outward leakage sealing characteristics of the mask 
were determined experimentally by pressurizing 
the space between the subject's face and mask to 

. -i) . . 

a given level above ambient and measuring the 
yp outward flow of air to ambient. 

The tests, procedures eind setups are described in 
Scott Engineering Report No. ER-1027. 
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ER-1039 

2.0 CONCLUSIONS s 

1. Of the 16-man panel, 9 had inward leakage rates 
greater than 1.5 standard cubic centimeters 
per minute (seem) while at rest. When talking, 
only 5 subjects had leakage rates greater than 
1,5 seem, 

2. The highest inward leakage rate was 4.6 seem 
while the subject (No. 16) was breathing at 

an average rate of 12.3 liters per minute (1pm). 
This very low level of leakage would permit 
working in a contaminated atmosphere of 2600 
times the S-hour Threshold Limit Value (TLV) . 

3. The FBS facemask provides a protection factor 

of better than 2600 when tested with 16 subjects 
fitting the criteria of the National , Institute 
of Occupational Safety and Health (NIOSH) for 
a panel representing a range of typxcal male 
full facemask users, 

4 . Outward lec4kage results indicated that 5 subjects 
had rates greater than the required 200 seem 

at 3 inches of water (''H 2 O) pressure. 


BR-1039 


I 

I 

I 

I 

I 

I 


I 

I 


I 

I 

I 
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* 'H-S 

5. Of the 5 subjects with outward leakage rates 

above 200 seem, only one {[ No. 24, the individual 
with the smallest face) has inward leakage 
rates ^ove 1.5 seem, both at rest and ijtalking. 









1 : 

[ 

I 

I 

I 



I 
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3.0 TEST PROTOCOL AND RESULTS 

^ “ / 

3.1 Inward Leakage (Paragraph ER-1027) 

J; ■ ^ 

3.1.1 Procedure \ 

The test procedure consists of exposing a test 
‘subject, wearing the test mask, to a challenge 
atmosphere containing a controlled amount of 
helium, and then measuring the amount of helium 
leaking into the mask. The test setup is shown 
in Figure 1. 

The detailed procedure followed was s 

; i . . . ■ ■ . 

** Inward Leakage (Facemask) 

"notes Appearing in Appendix B of this procedure 

/ 

is a J^hport titled "Analysis of Utilization 
of Heliiara Leak Detector to Measure Face 
Mask Leakage". (This report gives detailed 
information as to derivation of methods 
cind techniques used to determine inward 
^ leakage. 

"(1) Calibrate the helium leak detector using a 

• , . ' ' ■ -'r' - 

16 PPM concentration of helium in air. 


ER--1039 


**(2) Place the facemask/breathing regulator 

asseiobly on a user and complete the setup 
shov^n in Figure 1. 

"(3) Evacuate the plastic bag by squeezing or 

■ 

by vacu\im and then flood with a gas mixture | 
of 9 parts air and 1 part helium by volume. 

"(4) After a short period to allow the system.|to 

reach equilibrium, measure the inweird leakage 
shown on the leak detector which is sampling 
the subject's exhaled gases and convert to a 
rate in scc/min. This rate cannot exceed 
1,5* scc/min. 

" ($) The above test should be repeated once each 
on a panel of sixteen (16) subjects selected 
by the facial characteristics of face length 
and width according to methods derived from? 

(a) "LASL Respirator Test Panel Representative 
. of U. S. Male Facial Sizes" dated 1972, 

conducted by %,i^s Alamos Scientific 


I,aboratory; Hack, Moore & Richards, 

(b) "Anthropometry for Respirator Sizing" 


Final Report April 30, 1972, Webb 
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Associates I vJfe.llow Springs, Ohio. 
HcConville, cKtirchill & Laubach. 

(c) A 1967 USAF Facial Dimensions Study." 

Note s Appendix B referred to above is 
Scott Engineering Report No. ER-1029 and 
is briefly summarized below, 

(6) Helium concentrations in all gas samples - 
challenge, leakage and calibration - were 
determined using a VEECO helium leak detector. 
The VEECO is a mass spectrometer system. 

Figure 2, which senses helium partial pressure 
cind is calibrated to read helixam concentrations 
in parts per million (ppm) . Calibration gas 
concentrations were chosen to be 5, 20, 35 
> and 50 ppm, in addition to the 16 ppm noted 
in (1) above. Ambient air normally has 5 ppm 
heliiam at all times. Calibration runs with 
helium additions of 11, 15, 30 and 45 ppm 
confirmed the 5 ppm background level. Using a 

challenge atmosphere of lb% helium (100,000 ppm) 

■ Ci ' ■ ii 

permitted ready detection of inward leakage 

rates of less than 1 seem. 


ER-1039 
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To assure accuracy, the VEECO was calibrated 
between each subject. Comparison of day-to- 
day raw data established repeatability. The 
VEECO system can defect changes of less than 
1 ppm of helium. Sirice for these data the 
interest is in delta values of 15 ppm, there 
is an implied accuracy of greater than 10%. 
The referenced report provides detailed 
explanation mass spectrometry sensitivity. 

For example, subject #16 had a breathing rate 
(respiratory minute volume) of 12.3 1pm and 
leakage of 42 ppm at rest and 19 ppm while 
talking. The relpective leakage rates ares 

(a) . (observed ppm -5) x breathing rate x helium dilution x 

conversion factors = le^age rate in seem. 

(b) (observed ppm -5) x 1pm x 10 = seem leakage. 

(c) (42-5) X 12,3 X 10 X 1000 = 4.6 seem. 

1 , 000,000 1 ■ 

(d) (19-5) X 12.3 X 10“^ = 1.7 seem. 



i 




I 
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3.1.3 Discussion 

Breathing rate was determined by recording the total 
air consumed by a subject divided by the duration 
of consumption. For short periods during the test, 

■iv , ‘ , 

the suuSj^ct was asked to force ventilate; this latter 

1 

rate was i^ot measured. 

■ ■ ■ ■ ■ ■ ■ 

During the test, the subject remained at rest esiicept 
for short periods when he was asked first to talk, 
second to force ventilate, and third to induce a 
leak. Prior to the test, the subject adjusted the 
mask and then if there was leakage indi(^ted by the 

' ■ J 

VEECO, the subject readjusted the mask while in the 
challenge atmosphere. 

The data recorded "at rest" was taken after the 
VEECO readings had stabilized. The "talk" readings 
followed the "at rest" data. At the end of the 
test, the individual was asked to induce a leak to 
further verify that the measuring system was operating. 
(There were no failures of measuring the induced 
leak. ,It is of interest to not" that indication of 
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leakage - meter going off scale - occurred within 
seconds after the leak was induced. } 


Leakage at rest was higher than leaitage while 

jl 

talking for all subjects except on^’ {#13), The 

A 

lower leakage while talking is attributed to the 

/'/ 

seal constantly being moved and being resealed on 
a dynamic face. 


None of the subjects had either hair or unusual 
features such as a scar or crease transversing the 
sealing area of the mask. Subject #24 had the smallest 
face, still wijthin the limits of the NIOSH panel 
requirements For this test, the mask was sealed 

'-j 

tightly to face to effect the bas-t "seal. For two 
cases, the mask was pulled tight enough to be mildly 
uncomfortable, which was noted in Remarks, It should 
be noted that a specified leakage of 1.5 seem for 


a breathing rate' of 10 1pm represents a 0. 

® V 

leakage or an equivalent protection factor of ov^ 




if 

.// 


6600 


1 
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Outward Leakage 


Procedure 


Pressure above ambient is applied between the sub j ect ' s 
face and a specially modified mask. Leakage outward 
to atmosphere is measured. The subject's breathing 
is isolated from the pressurized volume and does 
not affect the leakage measurement. 


The detailed procedure from Scott Report No. ER-1027 
is as follows: • 

"4,25 Outward Leakage (Facemask) 

"(1) Place a facemask, which has been modified 
to provide a tube for the subject to 
inhale and esdiale through, along with a 
pair of nose pinchers, on a subject 
(Figure 3) . 

"(2) Slowly increase the internal mask pressure 
to 3.0 inches of water, 

" (3) Note and record the amount of gas flowing 
y^into the mask shown on the flowmeter. 

. This amount should not exceed 200 scc/min. 

" (4) Repeat the above test for each of the sixteen 

■ ' ■, '■ ■■■ ■ 

(16) subjects u‘sed to determine inward mask 


lecikage in Para. 4.24. 


H . 
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Discussion 

Five of the sixteen subjects had outward leakage 
greater than specification. As a refinement of the 
test procedure, it was found desirable to record 
either^^ the leakage at 3" H^O pressure or to recdird 
the highest pressure that could be obtained at 200 
seem flow. It should be noted that subject #9, while 
recorded in the Ap coi\nnn, meets the requirements ■ 
since the Ap necessary to obtain 200 seem flow was 
greater than 2" H 2 O. 

Both subjects #12 and #18, while having high positive 
pressure outward leakage, demonstrated relatively 

■ I 

low inward leakage rates. Both individuals have 
very hollow cheeks. 


Paul Bement, I 1 9/14 

Gene Giorgini I 14 9/14 

John Sullivan 20 9/17 

Carl Erbach 9 9/17 

Joe Trinkwald.er 5 9/17 

Ray Rusek 25 9/18 

Dick Kaczmarek 30 9/18 

Henry Pilipiak 31 9/18 

Dave Lechner 19 9/19 

Buster Eidenior 24 9/19 

I I- 

Bob Planter ‘ ' 

Pat Griffin 
Roily Flick 
Elmer Grimm 

Norm Laschinger 18 j 9/21 

Tom Cleary | 32 


• DATE 

LEAKA 

@3" 

H 2 O 

cc/min. 

9/14 


9/14 

50 

9/17 

15 

9/17 


9/17 

15 

9/18 

15 

9/18 

■ 

40 

9/18 


9/19 

50 

9/19 

■ 0 

^9/19 

200 

9/20 

250 

9/20 

:5p' 

9/21 


9/21 


9/21 

50 

1 




" H2O @ 


3,9 - 



Small face, mask 
pulled tignt. 


Smallest face, 
maiik ^>ulled tight 


Smaller Face, 
mask tight. 










S.TE). l_!^Akl 
POFST 



MS.CHAW1CAU 


VACUUM PUMP 






Para* 4,25 FIGURE 3 

Outward Leakage ' 
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Testing Laboratori^ Division 

CHURCH STREET, BOHElWtA, Ll„ N,V. 11716 

• AREA CODE 516 LT 9-6300 

TEST REPORT No JgmQiRZmi?. 

DAYTON T. BROWN, ING. JOB No «100l73-00-p0^^ 

CUSTOMER SCOTT AVIATION 
225 ERIE STREET 
LANCASTER, NEW YORK 


SUBJECT SAND, Al© DUST AND DROP TEST PROGRAM 
PERPORMD ON ONE (1) FIREMAN* S 
BREATHING SYSTEM, SYSTEM NUMBER 2 


ATTENTION! Mr, P. Bement 

This report contains! Three (3) Pages and Two (2) 

Enclosures 



THE DATA CONTAINED IN THIS REPORT WAS OBTAINED BY TESTING 
IN COWlH.eANCE WITH THE APPLICABLE TEST SPSCIFtCATION AS NOTED 
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TABLE OF COOTE^rrS 

: SUBJECT 

t 
‘ 


Administrative Information 
General Test Information 
References 

Test Program Summary 
Enclo sures ; 

(1) Sand and Dust Test and Results 

(2) Drop Test and Results 


I 

I 
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Table of Contents 




PAGE NUMBER 

l^ 

> 

2 , 

3 




2 Pages 
2 Pages 
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V; X/7^C>W,V AVil'. 


ADMINISTRATIVE IITFOPJ-IATIOH: 


1,1 


€u 8 toner s Scott Aviation 

l^ancaster. New York 


Teat Iteta Description : One (1) Fireman's Breathing System 


Part Number (s) • None • 

Serial Number Ci) i System Number 2 
DatfeCs) Received ; 5 September 1973 
Oate(s) Shipped ; 7 September 1973 

Customer Representative (s) Present During Portions of Test : 


Name 

' V. 

Affiliation 

Mr. Paul * Bement 


Scott Aviation 

GENERAL TEST INFORMATION 


• 


the test item vas nonoperating during this test. 

. . ■ ■ • , . ^ ^ , I 

The test item successfully completed all phases of testing. / 

Test data pertinent to this test program will remain on file at 
Dayton T. Brown* Ine«, for ninety (90) days. 



>1A17 Pit 2 


- 1 - 


‘ . i3>4VTvyjv'7/yi>eoAV'.v JKa\ 

• ■ '. '■ ■" ^3: 

REFERENCE: 

^tm\ ^ t M— 

* ^ 

(a) CustoTQer Purchase Order Number 46505C , 

(by Dayton Ti Brown, Inc. Job Number 400173-00-000 

(c) Government Contract' Number Not Applicable . 


(d) Test Specification Sand and Dust: MIL— STD-810B 

Drop: Scott Test Procedure TP ER-1027 



TEST PROGRAM SUMMWIY; 


0 

REPORT 

TEST ITEM 


TEST ENCLOSURE^ 

DESCRIPTION . 

1 . L J 



Sand & Dust 1 Firenan’s Breathing 


System 

Drop 2 


DATE DATE 

STARTED COMPLETED RR^ARKS 

(J) 

5 Sept 6 Sept See Report 

Enclosure ’ 

7 Sept 7 Sept See Report 

Enclosure 



0 


a 


f'' 

-M17 Ps 3 ^ 


I 



Enclosure 1 
And Dust Testing 
And Results 






vmmmsmK^ 




> 


A 


Z?^v^c»r 7; JJ/4 o ti. w /,v o. 
«;*a rj 

/ 


TEST REQUIREMEOTS , ^ 

Sand and Eust Testing in accordance vith MIL-STD-810B, Method 510, Procedure I. 


TEST PROGEDURE With the unit pressurized to 4500 psig the following sequence of 
testing was per£ormed« 

A pretest visual inspection of the test item was performed . 


Step 1; 
Step 2; 


Step 3s 


Step 4i 


Step 5s 


Step 6 s 



The test item was installed in a tesj^ftchamber , no closer than four 
inches from the chamber walls or any^^thbr object or material capable 
of furnishing protection. The test Iteft was oriented so that the most 
vulnerable or critical parts were exposed to the dust stream. 

m ■ rdi 

chamber controls were adjusted to maintain an internal chamber tem- 
perature of 23®C (73*F) and a relative humidity of less than 22 per*^ 
cent. The dust velocity was adjusted to ,1,750 + 250 feet per minute. 
The dust concentration was set at 0.3 + 0.2 grams per cubic foot. 

These, conditions were maintained for six hours. 

Bust feed was halted and the air velocity was reduced to 300 + 200 i 
feet per minute. The internal chamber temperature was raised to 63 ®C 
(145*F) and the relative humidity was adjusted to less than 10 percent. 
These conditions were maintained for approximately sixteen hours. 

Vrtille maintaining an internal temperature of 63*C <145*F) , the air 
velocity was raised to 1,750 + 250 feet per minute. The dust con- 
centration was adjusted to O.J + 0.2 grams per cubic foot. These 
conditions were maintained for six hours. 

Chamber controls^ were turned off and the test item was permitted to 
Mturu to standard ambient conditions. 


The test item was removed from the chamber and any accumulated dust 
was removed by brushing, ,, wiping shaking . 

Step 8; A post test visual inspection of the test Item was performed. 

Step 9s The unit was checked for proper operation. • 

TEST RESULTS \ 

i./ 

A Pretest Visual In^,peetlon or the test item revealed no anomalies* 

All testing yes performed within the limits of the referenced specif ication.T^ 
A post Test Visual Inspection revealed s'^^rface residue of Sand & Dust* 

At the ^conclusion of the Sand and Dust Test the unit was still pressurized 
to 4500 PSIC.;, . 


a 

II 
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TEST EQUIPMENT 
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TEST 


• 

ITEM 

MANUFACTURER 

MODEL 

S/N 

ACCURACY 

X 

Sand and Dust Chamber 

Tenney Engineering 
Company 

4* X 10" 

2656 

•Wf 

X 

Temperature 
Recorder/ Controller 

Bristol 

TE-1T500 
P-3B . 

661087 

+ 2*F 


Density 

Indicator/Controller 

Tenney Engineering 
Company 

565 

4-19-57 

+ 4% 

X 

Density^, 

Indicator/ Controller 

Dayton T. Brown 

0 to 
«5gm/ft^ 

D.T.B, 

57-12 

Data 

X 

Anemotherm 

Anemostat Corp. of 
America 

60 

DTB 

43-3 

100 to 8,000 
fpm +5% ind. 

X 

Thermometer 

0-22QOF 

DTB 39- 
255 

± 2®F 



Thermo Couple 

Thermoelectric 

20 gauge 

D.T.B. 

+ .75*F 


thermo Couple 

Thermoelectric 

20 gauge 

D.T.B. V 

w':y 

± .75*F 

' ' 

Thermo Couple 

■ 1) 

Thermoelectric 

20 gauge 

D.T.B. 

+ ,75*F 

'> 

1 

Thermo Couple 

Thermoelectric _ 

20 gauge 

> 

D.T.B. 

± .75*F 
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* X ImtiMUn equiptnem used. 


Tut equipment utilized for the program reported herein was within its assigned interval of calibration. 
Details are on file at Dayton T. Brown, One. and will lie made availdsie upon reqiiesL 
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TEST SEQUtREMENTS '' 

Drop testing In accordance with Scott Aviation Test Procedure TP ER-1027. 

TEST PROCEDURE , ‘ 

o' \ ‘ * 

A Pretest Visual Inspection was performed* 

Vith the unit pressurized to 4500 pslg, the unit was dropped from a height 
of six (6) feet onto a flat concrete surf ace» one (1) drop per orientation 
nc^ied by Figure 1 of this Enclosure. 

\ • ■■ ‘ • 

A Po^ Test Visual Inspection of the teat item was- performed. 




TEST RESULTS 

A Pretest Visual Inspection of the test item revealed no anomalies. 

All testing was performed within the limits of the referenced specification. 
Post Drop Tests revealed the following restates 


Post Drop Humber 
1 

*• 

2 

- .3 

5 

6 


Post Drop Results 

(a) Gauge shield bent 

(b) Gauge bent 

(e) Gauge glass popped out 

;(•) Bottle Retainer iTab - 
bent straight 

(a) Cylinder Valve broke off 


(a) High pressure connection broke 
off' at the cylinder valve 

(a) Bottle strap popped open 

(a) l«eft shoulder and left 

waste strips cut r 

(b) Breathing regulator dented e~ 

(e) Pressure Reducer cover open 
(d) Five screws of pressure 

radueer sheared off 
(a) Dents in pressure reducer 
(Dented by Bottle strap) 

(f ) ^S&^tls =has cuts in it froa bottle strap and 
pressure reduce^ 


" « ^ " I ^ ■■ ■■ 

At the conclusion of the six (6) drops the unit was still pressurized to 
’4500 PSIC. ' c 
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FIGURE 1 
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Testing Laboratories Division 

CHURCH STREET, BOHEMIA, LI., N.Y. 11716 

AREA CODE 516 LT 9-6300 

TEST REPORT No 

DAYTON T. BROWN, INC. JOB No...Agom-QQ.r.QPO. 

CUSTOMER 

' .. \ 




SCOTT AVIATION 


) 225 ERIE- STREET 
< LANCASTER, NEW YORK’ 


SUBJECT 


DROP TEST PROGRAM PERPORMED ON 
ONE (1) FIREMAN'S BREATHING SYSTEM 


SERIAL NUMBER: 36 


ATTENTION; Mr. Havlg - 

THIS REPORT CONTAINS: Three (3) Pages and One (1) Enclosure. 


PREPARED BY 

. ¥XTKZr~ 

Wi Pellenz ff 

PROJECT ENGINEER 

P, BL McNally^^^- 

Baaald E. Schaefe 
DepaTtraent lianas- 

. PI 

: 

• . ! 

DATE 

26 December 1973 ^ / | 




THE DATA CONTAINED Ili^lS REPORT WAS OBTAINEDSY TESTING 
IN COMPLIMtlCE WITH THE APPLICABLE TEST SPECIFICATION AS NOTED 
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•ADMHTISTPATIVE INPORMATION J 


Customer* Scott Aviation 

Lancaster, New York 


Test Item Description ; one (1) Fireman’s Breathing System 


Part Number (s) ; None 


Serial Number (s) ; 35 


Date(s) Received i 13 December 1973 


, Date(s) Shipped; 13 December 1973 


Customer Representative (5) Present During Portions of Test: 


Name 


■’ Affiliation 


Mr. Paul Bement 


Scott Aviation 


GENERAL TEST INFORMATION 


The test item was nonoperating during this test. A 

The test item successfully completed all phases of testing. Anomalies 
noted during testing are detailed in the respective test enclosure. 

^ i -A- ■ ■ 

Test data pertinent to this test progr^ will remain on fiii| at Dayton T. Brown, 
Inc., for ninety (90) days. 
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. REFERENCES ; )i 

■ I ■II. J i 

' ■ ^ / ,/ 

(a) CusComer Purchase Order Number 48185C 

(b) Dayton T, Brown n Inc. Job Number 400293-00-000 
. (c) Government Contract Number Not Applicable 

(d) Test Specification 'Drop: Scott Test Procedure TP ER-1027 


TEST PROGRAII SUMMARY ; 



■ REPORT 

TEST ITEM 

DATE 

DATE 


TEST 

ENCLOSURE 

DESCRIPTION 

STARTED 

COMPLETED 

REIIARKS 

Drop 

r 

1 Fireman's Breathing 

System 

13 Dec 73 

13^ec 73 

See Report 
Enclosure 


' . s. 

2100 3 _ L 
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TEST REQUIREMENTS 

Drop testing In accordance with Scott Avis^ion Test Procedure TP ER-1027. 

r . . 

TEST PROCEDURE 

A Pretest Visual Inspection was performed • 


With the unit pressurized to 4500 pslg, the unit was dropped from a height 
of six (6) feet onto a flat concrete surface, one (1) drop pe;ir orientation ' 
noted by Figure 1 of this Enclosure. 

• A Post Test Visual. Inspection of the test item was performed. 


TEST RESULTS 


A Pretest Visual Inspection of the test item revealed several cuts in harness 
assembly. 

All testing was performed within the limits of the referenced specification. 
Post Drop Tests :revealed the following results: 


Post Drop Number Post Drop Results 

1 (a) Gauge lens came>of£ 

. (b) Gauge shield bent down onto gauge 

■ (c) Gauge body bent at top 

2 (a) Breathing regulator destroyed 

(b) Supply Hose to breathing regulator 
'l^roken off at regualtpr, partial loss of air 

3 (a) No further damage 

4 <a) Bottle strap opened 

(bV Bottle strap no longer capable of holding bottle 

tight against back pack.^ 

(c) Low pressure hose connector on bottle regulator 
‘ bent. ■ 

(d) Two (2) indents in pressure regulator (dented 
by bottle strap) 

5 (a) Cylinder valve handle broken 

6 ' (a) Bottle strap popped open 

(b) Cylinder handle came off 

(e) Gauge face fell out. 

In addition, to above anonralies, scuff marks In various areas of the bottle . 
surfaces were noted. At the conclusion of the six (6) Drops, the unit was 
still pressurized, but lower than 4500 PSIG. 

2100 Enc 1 Pg 1 
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TEST EQUIPMENT 


• .< r - ■ ■ ■ ■ "^5; 

' * ■ I L 

Z?>vW’OJV' 77 Urt o w'.v jTJVc — 


TEST DROP 


ITEM 

MANUFACTURER 

Quick Release 

Dayton T. Brown, Inc 

Tfpe Measure 

Lufkin 


100 ft. D.T.B. 

68-359 


ACCURACY 




Testr££;6ip<nent utilized for the program reported herein was within its assigned interval of calibration. 
jDa^ils are on file at Dayton T. Brown, Inc. and will be made available upon request 
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EXHIBIT V 


OBIGINAL PAGE IS 

OF POOB QUAJ.1TY 
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Exhibit V 

Item 

Ko, 

Item 

Manufacturer Model 

J 

s/n 


Accuracy 

. 1 

. 

Flowmeter 

Brooks 


F-214 


± 2% 

. . y ^ - 

Flowmeter 

Fisher-Porter 

,0-50 cc 

F-2G4 


±. 2% 


Pres 5Ux?i Gag e 

t;* S, Gauge 

0-3000 psi 

G-218 


± 2.% 

■■I-;- 

• Pressure Gage 

U* S* Gauge 

0-5000 psi 

G-224 


± 2% 


pressure Gage 

U- S, Gauge 

0-5000 psi 

G-212 


± 2% 

6 

Pressure Gage 

Sprague Eng*rg, 

0-15000 psi 

- 


± 5% 

7 

Pressure Gage 

U. S - Gauge 

0-10^000 psi 

G-221 


+ S% 

8 

Pressure Gage 

U. S. Gauge 

0-600 psi 

G-217 


± 2% 

9 

Water column 

F. W, lawyer 

-2 to 20 
inches/water 

0063 


+ .02 in, H; 

10 

Environmental 

Chamber 

Tenny Engineering 

TTUFR 

100350 

- 


- 

11 

Tempera ture/Humidity 
Controller 

Bristol Co, 1 

TF-2T500FFP 

S4-43B 

65a, 10, 

606 

+ 5°F 

12 ' 

Program 

Controller 

Bristol Co, 

253A500G1 

65a, 10, 

606 

+ S°F 

■13 ! 

Salt Spray 
Chamber 

Singleton Co, 

B 

- 


- 

1 

14 

Oscillograph 

Recorder 

Brush 

Rr-1152-60 i 

0044 


, Transfer 

15 

Pressure 

Transducer 

Stratham 

PM5TCD 

1449 


Trans fer 

16 

Pressure 

Transducer 

Stratham 

PM5TCD 

1460 


Transfer 

17 

Graduated 

Cylinder 

pyrcx 

3075 

— 


± ,1 MI* 

1 

IS 

S top Watch 

'Meylan 

204B 

SW-51 


± .2 sec • \ 

19 

Weight Scale 

Detecto 

- 

P6512 


± 1 oz, 1 

. ■ j 

20 

Oscilloscope 

Data Instrvunents, 
Inc, 

555 

1698209 


+ 1 fK ’ 

i 

21 

Sound l,avel 
Meter 

H* H, Scott, inc. 

412 

1 *'■ 

163921 


+ i DB 


/_ 
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ACCEPTANCE TEST PROCEDURE 


FIREFIGHTER'S BREATHING SYSTEM 


ER 1031 



775 STREET 
LANCASTER, N.Y* 14086 
TEL. 716 683.5100 
xm TEIEX 91-394 


Engineering Report No. ER-1031 

Acceptance Test Procedure 
for the 

Firefighter's Breathing System 
NASA Contract No. NAS9-13177 

Dated? 11 June 1973 


Prepared by: 


P. R. Berne nt 
Test Engineer 


Approved by: 




S/JIa.' Sullivan 
sngineering Manager - 
Commercial Products 
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1.0 

INTRODUCTION 



' . 


This procediire describes a series of functional 
tests to be performed on each Firefighter's Breathing 
System prior to development testing and customer delivery 

The overall ^hjectiye of this series is to verify 
that each FBS is physically and functionally 

t'. 

correct, following completion of manufacture. y. 



2,0 APPLICABLE DOGUMEIilTS ■ 

/' NASA Specification FBS-SP-001, Revision 2, dated 
\\ November 3, 1971. 

. ■ ■ 

Titled: "Performance^ Design and Cost Requirements 

r ■ ■ ■ f - 

for a Compressed Air Demand-type Fire- 
man's Breathing: System" 

Compressed Gas Association Commodity Specification 
for Air, Number G-7.1 





V, 
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3.0 GENERAL 

3.1 Test Medium 

The breathing gas used will be pute, dry breathing 
air conforming to the requirements of the S>Dmpressed 
Gas Association Commodity Specification for Air, 

G-7.1, Type I (Grade D or higher quality). 

3.2 Environmental Conditions 

Unless otherwise specified, the ambient conditions 
for conducting the operational tests herein will 
be as follows : 

(1) Terijperature: 77° +. 18°P 

(2) Relative Humidity; 90 percent or less 

(3) Barometric Pressure: Local standard 

(28 to 32 inches of Hg) 

V- 

Order of Tests 

Unless otherwise specified, all tests will be performed 
in the order presented herein. 


3. 3 


ER-1031 
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Test Instruinentation 


Accuracy 


The accuracy of instruments and test equipment used 
to control or minitor test parameters specified 
herein shall? 

(a) Conform to laboratory standards whose calibration 
is traceable to the prime standards at the 

U. S. Bureau of Standards. 

(b) Have an accuracy of at least one-tenth the 
tolerance for the test article variable to 


■ be measured . 


Calibration and Certification 


Prxor to starting any test# test engineering shall 
review the instrumentation to ascertain that; 

(a) Calibration and certification have been accomplished 
and are valid. ' if^ 


(b) The calibration time period will not elapse " 
duriiig a test of long duration. If this || 
possibility exists, the applicable instrument 
will be replaced by one with a more recent 


calibration date. 
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(c) Equipment, such as strip chart recorders, 
have been checked for proper operation and 
accuracy prior to starting the test. These 
instruments shall also be checked periodically 
during testing to ensure that drift has not 
exceeded the specified tolerance. 
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4.0 PROCEDURE 

4.1 System Weight 

Weigh the PBS and record the total, both with and 

without cylinder. 

4.2 Stored Leakage (Cylinder Valve/Cylinder Assembly) 

(1) Charge a cylinder and valve assembly to 4500 
psig and immerse in a water bath (Figure 1) . 

(2) Collect the gas emitted from the assembly 
over a 24-hour period. This amount cannot 

'exceed a rate of 0.5 scc/hour. 

4.3 Operating Leakage 

(1) With the cylinder of the PBS charged to 4500 
psig , open the cylinder valve allowing the 
system to pressurize. 

(2) Using Leak-Tak or an equivalent leakage 
indicator, check each component of the PBS 
for leakage. No leakage is allowed. 


BR-1031 
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4.4 Dynamic Flow Reguirementg 

(1) Install the PBS with a fully charged cylinder 
in the test' setup shown in Figure 2. Record 
a description of the test instrumentation. 

(2) Adjust the hreathing machine (Scott p/n 22350) 
to obtain a peak flow of 257 LPM NTPD at ■ 
approximately 34 cycles/minute. 

(3j Open the cylinder valve and start the breathing 
machine. Continue to operate the breathing 
machine for a period of one (1) minute. During 

i-: 

I this period^ record the following datas 

j! \ ■ 

|| (a) Continuously record ’ inhalation and 

|i _ ^ \ 

' exhalation mask pressures. 

(b) Continuously record mask flow rates. 

(4) , Bleed the cylinder pressure down to 950 psig. 

(5) OpenC?fc:he cylinder valve and start the breathing 
machine. Continue to operate the breathing 
machine until cylinder pressure reaches 100 psig 
During this period, record the following data: 
(a) continuously record inhalation and 

exhalation mask pressures. 
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(b) Continuously record mask flow rates. 

(c) Record the pressure at which the low 
pressure warning actviates. 

(6) Recharge the cylinder to 4500 psig. 

(;7) Adjust the speed of the breathing machine to 
obtain a peak flow of 476 LPM NTPD. 

(8) Open the cylinder valVe and start the breathing 
machine. Continue to operate the breathing 
machine for a period of one (1) minute.- During 
this period, record the follov/ing data: 

■ (a) Continuously record inhalation and 
exhalation mask pressures, 

(b) Continuously record mask flow rates. 

(9) , Bleed the cylinder pressure down to 950 psig. 

(10) Open the cylinder valve and start the breathing 

machine. Continue to operate the breathing 
machine until cylinder pressure reaches 570 
psig.^'/jOuri^g this period, record the following 
ded^a^ ■ 

/ ^ , ■' ■■ :-v ■ 

(a) Continuously record inhalation and 
exhalation mask pressures. 
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4.5 


(b) Continuously record mask flow crates. 

(c) Record the pressure at which the low 
pressure alarm actuates - 

Purge Flow 

{!) Install the FBS with the cylinder charged to 
300 psig in the test setup shown in Figure 3 

(2) Open the purge valve fully which will cause 
a slight positive pressure in the mask. 

(3) Slowly open the needle valve until the mask 
•pressure is zero. Record the resulting flow 

shown on the flowmeter . 


W 
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Para. 4,2 Stored Leakage 
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Appendix A 


DATA SHEET # 1 


P/N 

s/n 

Date 

Temperature Barometric Pressure 

TEST: SYSTEM WEIGHT 


paragraph: 4. i 


Total weight without cylinder 

(10 lb. maximum) 


Total weight with cylinder 


Test Equipment: 



Tested by: 
Verified by: 

A. . . . . 


X. 
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DATA SHEET # 2 


Page 1 of 1 



P/N • 

S/N 

i??.te 

Temperature ' Barometric Pressure 


TEST; STORED LEAKAGE (CYLINDER VALVE /CYIilHDER ASSBa4BLY) 

Paragrapli : 4.2 


Total leakage 


cc/24-hr. 


Leakage Rate 


cc/hr . 


Test Equipments 






, Tested by: 
Verified bys 




EP.-1031 
Appiandix A 

DATA SHEET # 3 

P/N 

S/N , 

Date / 

. ■■■ v r u ■■■■ 

Temperature Barometric Pressure 

TEST: OPERATING LEAKAGE 

Paragraph; 4.3 


Page ^ of ^ 


Parameter 

Required 

Actual 

Step (2) System Leakage 

No leakage 




\ 



Tested by: 
Verified by: 
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Appendix A 
Data Sheet #4 


Parameter 

Required 

Actual 

" 

Step (10) Peak Inhalation 
Pressure 

Vj 

-2.0 iriches 
water max. 


Step (10) Peak Exhalation 
Pressure 

+4. 0 inches 
water max. 


Step (10) Low Pressure 

Alarm Actuation 
Pressure 

880 to 830 
PSIG 



/ 


Test Equipment: 






Tested bys 
Verified by: 


. r\\ 





\ 
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DATA SHEET # 5 


P/N . 

S/N ^ 

Date 

Temperature . . • Barometric Pressure 

TEST: PURGE FLOW 

Paragraph; 4 . 5 


Purge flow @ 100 psi cylinder pressure 


• ■■ ^LPM NTPD 

(125 LPM minimum) 





Test Equipment: 





Tested by; 
Verified by; 





I 
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ABSTRACT 


This report presents the results of the Qualification 
Test Series performed on the improved demand regulator 
cover of the Firefighter's Breathing System. The series 
was intended to verify that design improvements made to 
the cover of the demand regulator comply with the required 
functional and environmental parameters and qualify it for 
use in the field evaluation program.: 

GENERAL ^ 

Item Tested 

The item tested was an FBS with the improved demand 
regulator cover installed. 

Applicable Documents 

Scott Aviation Engineering Report No. ER 1055 "Qualification 
Test Procedure for the Improved Demand Regulator Cover of 
the Firefighter's Breathing System" dated 31 October 1974. 

TEST PROGRAM 

Procedure 

All tests were performed in accordance with Scott Aviation 
Qualification Test Procedure No. ER 1055. This procedure 
appears in Exhibit II of this report. 

Data * ' \ . 

The data sheet appears in Exhibit I. 


Test Performance 


An tests were performed at Scott Aviation, Lancaster, 

New York except for low temperature operation which 
was performed at a nearby vendor facility. 

TEST RESULTS 

/ 

Exhalation Fiiow Characteristics 

The demand regulator was subjected to the exhalation valve 
flow characteristics test as specified in paragraph 3.1 
of ER 1055. All mask pressures were within the allowable 
ranges at each flow. 

Exhalation Valve Leakage 

The danand regulator was subjected to the exhalation valve 
leakage test as specified in paragraph 3.2 of ER 1055. The 
leakage rate was less than the maximutn allowable- of 5 cc/min. 

Low Temperature Operation 

The FBS was subjected to the low temperature operation test . 
as specified in paragraph 3.3 of ER 1055. No frosting or 
increase<i4/0/3thalation resistance was noted. 

Contamination Resistance 

The FBS was subjected to the contamination resistance test as 
specified in paragraph 3.4 of ER 1055. The contamination did 
not cause any abnormal exhalation valve leakage and a post 


test Inspection showed that no contamination had entered 
Inside the cover. Additionally* the 6 inch pencil was 
not able to disrupt the operation of the demand regulator. 

Impact Resistance 

The demand regulator was subjected to the Impact resistance 
test as specified in paragraph 3.5 of ER 1055. The cover 
suffered superficial damage in the form of various dents 
and scratches during 5 of ;1;he' drops. However, the drop 
directly onto the screw holding the cover to the regulator 
caused a hole to be punctured in the side of the regulator 
body thereby allowing gross leakage to occur. The screw 
was fitted with a rubber grommet around its head and the 
test repeated. Only superficial damage occurred with no 
Increase in leakage noted. ' 
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3«,1 EMHMA«Qtf TIM 


i EE loss 

r 

1 


PMaauM 

lafcu 

liwita 

Inph^f 

Cr«ek (90 ea/kini 

0.1 

40. 5 MX# 

3S7 UKp werpn 

1.3 

42.0 MXa 

wtip mo 

2.6 

44.0 WUCo 

S.a BMAtaTUlM VALVa MMttfli 


2>saft 

Mow 

Limito 

Mrtiti 9f 

ea/alB 

cci%ln 

«o.s 

1.9 

5.0 MX. 

-2,0 

2.6 

S.O EU, 


fM». S.S MW CTWPWTWJC oyiMTIQW 

Ho frosting or Increased 
exhalation resistance mted 


MM. 3.4 


COOTMCWTIOM wattwcx 
BidHilatiaa Vftlv* ItMIUK* 

ncaCt Mew Itiwlfca 

IMIf eg MtwiF ccAin S£<^^!1 

-O.S 1.8 5.0 «sk. 

^3,0 2.8 ’ 5.0 MX. 


MMiw. No contamination noted. Ins^idfi — ^ 
cover. Pencil did not disrupt regulator 

. fHPrt1on« — 


Fresfi. R«d, SAS 

Deirand Re^. S/B O^lknOWn 


pua, 3.5 IMPACT RESISTANCE 

coMWEHTs. Dents & scratches on cover on 5 drops . 
Refnainina drop on screw punctured a hole in 
regulator body. Test repeated with groiwnet 
under screw head. No major daninage noted. 
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Draft 

Mow 
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seAiB 

cc/nin 
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1.0 


INTRODUCTION 

This procedure describes a series of functional and 
environmental tests to be performed on the Firefighter's 
Breathing System. The series is intended to verify 
that design improvements made td the cover of the 
demand regulator comply with the required functional 
and environmental parameters and qualify it for use in 
the field evaluation program. 


2.0 

2.1 


2.2 


2.3 


GENERAL 

Environmental Conditions 

Unless otherwise specified, the ambient conditions for 
conducting the operational tests herein wi^l 
follows; “ ' 

(1) Temperature; 77 + leT p 

(2) Relative Humidity; 90 percent or less 

(3) Barometric Pressure; Loca^ standard 
(28 to 32 inches of Hg) 

Test Article 


Tests are to bt. conducted on an FBS whose demand 
regulator has been fitted with the improved cover. . 
Order of Tests 

Unless otherwise specified, tests are to be conducted jl 
in the order presented herein. 


3.0 

3.1 


SPECIFIED TESTS 

Eji^latiOn Flow Characteristics 




A 
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3.1.1 perform the exhalation valve flow tests by applying 
flows through the demand regulator of 50 cc/min, 

(cracking) , 257 and 476 LPM, NTPD and noting and 
recording the resulting positive pressures. 

3»2 Exhalation Valve Leakage 

3.2.1 Disconnect the low pressure hose from the pressure 
reducer and cap the hose. Slowly draw successive 
negative pressures of “0,5 and -2,0 inches of water 
while noting and recording the resulting flow through 
a low range flow meter. This flow is the exhalation 
valve leakage. 

3.3 Low Temperature Operation 

3.3.1 Place the FBS.with a fully charged 40 cubic foot cylinder 

i; . , r 

on a stibject aind start up in the normal manner. Have 
the subject enter a chamber which is at 20 ± 5 P^and 
remain inside until the cylinder is depleted. During 
the test period alternate 1-minute periods of exercise 
and rest are required with the exercise period consisting 
of stepping onto and off a box 8,5 inches high at a rate 
of 30 cycles per minute. Note whether the improved 
demand regulator cover traps /moisture causing a frost 
build-up with resulting increased eadialation resistance, 

■*3,4- - /contamination Resistance 

3.4.1 Place the FBS with a fully charged cylinder on a 
subject wearing a turnout coat and helmet and startup 

in the normal manner. Sprinkle one pound of a mixture 

♦ * . 

of dirt, sand/ and ashes down on the subject from 
approximately two feet over his helmet. Following this, 
place the subject directly in the flow of a large 
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electric fan. Sprinkle one pound of a mixture of dirt, 
sand, and ashes into the air., i^jtream of the fan so that 
it strikes the subject in the mask area. While standing • 
in the contaminated air stream the subject should rotate 
slowly so that contamination impinges on all areas of 
the regulator. ^ 

Following this exposure, attempt to disrupt the 
operation of the regulator by inserting a standard 
wooden pencil of 6 inches in length into the exhalation 
opening in the cover. Note results. 

Upon completion of the contanvihatioh exposure, remove 
the demand regulator from the PBS and perform the 
exhalation valve leakage test as defined in Paragraph 
3.2. After testing for leakage, remove the cover from 
the demand regulator and check for signs of contamina- 
tion. 

Impact Resistance 

Disconnect the demand regulator from the PBS. Drop 

the demand regulator six times from a height of 6 feet 

onto a concrete surface. Each drop should be of 

different orientation, but in each case, thd cover should 

be the primary target of. impact. Inspect for damage 

after each drop and record. Following the six drops, 

• ■ • •, -» •* -* - • .... . 

perform the e>dialation flow characteristics test of 
paragraph 3,1 and 
of paragraph 3,2. 


the exhalation valve leakage test 



TZST RBCORO 
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COHHESiTS; 


EXEMATION EI>QW 


Craft 

eheB of water 


Flow 

ccAdn 


faraa 3.3 tehpbratore operatioh 

COMKBNTS ■ 


Limit* 

cc/faln 

5.0 p^x. 

5a0 max. 


Cracl; (50 ce/min) 
257 LPH, OTPD 
476 LPM, NTPD 


Preaeiure 
Inch** of Mmtmx 


EXHftlATlPy VaLVB TiERKRGS 


Draft 

Inches of water 


plow 

ccAiId 


Limit* 

Inch** of Water 
+0.5 max. 
+2.0 max. 
+4.0 max. 


^:tdmitB 


farao 3.4 


Exhalation Valva LMJcaga 


Draft 

eh*» of Kfcter 


Flow 

ec^iln 


Limits 

ccyUn 


5.0 max. 


CGtomrSi 



I 

I 

I 

I 

I 

I 

I 


I 

I 

I 



I 

I 

I 

I 

I 

I 

I 


APPENDIX F 

INVESTI6ATI0N AND CORRECTION OF PRESSURE 


REDUCER SQUEAL ON 
FIREFIGHTER'S BREATHING SYSTEM 


ER 1073 




4 « ■*' ' 








A. 


X 




I*^VESTIGATION AND CORRECTION OF PRESSURE REDUCER 
SQUEAL ON THE FIREFIGHTER'S BREATHING SYSTEM 

ENGINEERING REPORT 
No. 1073 


NASA CONTRACT NAS 9-13177 


Dated 


October 9, 1975 




if 








Prepared by 


Approved by 



3. L. Sullivan 
Manager of Engineering 
.Hi^lth i Safe^Produ.ct$ 



R. R. Gyr / 

Director of Engineering 




ERIE ETREET 
UIANCASTER NEW VORK 
TEU; SQ3^5tOO 
TELEX : O9i'30dB 



ENG-4008 12/67 


ER 1073 


Page 1 


Sumnary 


A squeal in the pressure reducer of the FBS, vas discovered, 
as an itewnittent condition, during the early phases of the 
field evaluation program. It was nomally confused with the 
audible warning device of the systan. The problem was 
diagnosed as resonant cavity amplification of a specific 
frequency of the random noise generated'^at the valve seat of 
the pressure reducer. It was resolved by insertion of a pin 
of suitable size into the resonant cavity (upper part of the 
piston), in order to cv'eate a mixed boundary condition to 
upset the resonance. 


Introduction 


During the early phases of the field evaluation program, an 
intermittent squeal in the pressure reducer was detected in 
several systems. The squeal was particularly troubTesome for 
the user since the frequency was very close to that of the 
warning device and it was usually accepted as the warning 
tone* 


T^ie intermittent nature of the si^eal made diagnosis df the 
problem difficult and led to apparent “fixes" that sub- 
sequently proved i neff ecti ve. In retrospect it wa s ppss i bl e 
that a |‘buzz'’ that was originally detected ;in theifiiiit ' 
develoiwehtal pre^ reducers was the forerunner" of the 
subsequently defined "squeal problem". The “buzz" of the 
developfnental units was apparently corrected by modification 
Of clisck valves located between the primary and back-up 
-pressure reducers. 


Analysis 


^Analysis was fe^^un^by measurement of 'the of the 

squeal. : It was "^Gand to be a^sehtfally a pure tone at 
3000 Hz,, which was very close to the warning tifhis tie tone 
ofSlOQHz. Z II 




The source of the sqteaV was positively established as^ 
the pressure reducer, rather th^h Check valVe or trahster 
^valves, by the construction of a single funCt'ion pressure, ■ ' 

reducer (figure 1 ) that' exhi bi tell the same iiitenni ttent squeal 
problem as the complete pressure reducer ass«nbly. It Was 
found that the squeal was most repeatedly generated with a new 
valve and seat with the regulator et a high ambient temperature 
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Considering the spring supported system as a simple 
5pring-mass system the natural frequency is established 
as follows: 



Where fj, = natural frequency in Hz. 

K = spring rate In Tbs/ft. 

M = mass in slugs 

•The. piston weighed 13.8 grams which translates to 9.45 X 
10-« slugs. 

The spring rate was 69 Ibs/in. 

Substituting in (3) 

.P _ 1 f 69xl2~ ^ 

% “ 2rr^ 9.45x10'^ = 149 Hz. 

This frequency was significantly lower than the measured 
frequency of the squeal. 

A second spring with a higher rate was substituted in the 
•pressure reducer. The second spring had a rate of 290 Ibs/in. 
^ which resulted in a natural frequency of 305 Hz. However, 
the squeal was observed again at the same frequency. It 
appeared improbable that squeal was a result of simple 
T(Sj{»gitu^nal harmonic vibration of the piston. 

Late^^^^ vibration of the piston stem was^considered a 
possibility. The guiding of the piston stem was improved 
“ with no effect; Subsequently, friction doping in the form 
of T.F.E. plugs that squeezed the stem proy^ed^sqyally 
inefffective. Consequently, lateral vibratiori^of the stem 
r was eliminated as a probable cause of the squeal. 
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A higher frequency longitudinal vibration resulting from 
the high spring rate of non-sliding o-rings was investi- 
gated by replacement of the o-rngs with lower friction 
quad ring seals and also with a spring loaded T.F.E. seal. 
Neither modification permanently changed the characteristics 
of the squeal. 

Consideration of the “organ pipe'* effect on the central bore 
of the piston proved significant. The fundamental frequency 
of an open pipe f = V/2L and for a closed pipe f^. = V/4Ln)« 

Where f = frequency in Hjr 

V = velocity of sound in air in ft/sec. 

L -r length of the pipe in ft. 

For air at 60®F V = 1118 ft/sec(^^ The length of the pipe from 
the valve seat is approximately 1.1 inches. 

i.e. L .092 ft. 

therefore f „ = 1 = 6016 H_ 

^ 2X.092 2 

Similarly f . = 1 = 3036 H, 

^ 4X.092 ^ 

The values for the closed pipe is sufficiently close to the 
measured frequency of the squeal to suggest that the problem 
had been identified. 

In order to prove the theory and to remedy the problem, 
several modifications were attempted. First, a spring was 
inserted in bore of the piston, but that proved ineffective. 
Next, the cover of the regulator was modified as in .figure 2 
so a screw could be inserted to penetrate into the bore of 
the piston, without touching the piston itself. By insertion 
and removal of the screVrit proved possible to repeatedly 
eliminate the squeal. The theory had been proven and one 
possible remedy found. 

‘The inserfidh’of a screw thi*ough the cljVer wa^ ntJt cbn- 
siderjed a good final remedy, since that design created a 
possible leakage path from the pressure reducer. Subsequently 
it was found that a Kel-F 81 pin inserted in the outlet 
end of the piston (figure 3) repeatedly silenced the squeal. 
The pin created a mixed boundary condition at the outlet of 
’the resonant cavity with the pin promoting "closed pipe" 
resonance at approximately 3000 Hj. and the space around it 

(1) Sears, Mechanics, Heat and Sound , pp. 498-500 
Addison-Wesley Press Inc., Cambridge Mass. 1950 

(2) Jeans, Science and Music 

Dover Publications, New York 1965 
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promoting "open pipe" resonance at approximately 6000 Hz. 
The net effect was total elimination of the squeal. 

Subsequent qualification testing as reported in ER 1064// 
"Delta Qualification Test Report of the Pressure Reducef 
Sonic Alternator for the Firefighter's Breathing Systf/m" 
and Field Evaluation experience proved, the effectiverfess 
of the modification. 
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ABSTRACT 

V 

This report presejtits the .results of the Delta Qualification 
Test Series performed on the pressure reducer sonic atten- 
uator for the Firefighter's Breathing System. The series 
of functional and environmental tests v?as- intended to veri- 
fy that the sonic attenuator eliminated the "squeal" from 
the pressure reducer while not cr>mproraising its function in 
any manner. 

GENERAL 

item Tested 

All tests were conducted using a test bloclc machined to eimu- 

late the primary section of the pressure reducfer P/N 27237. 

■■ ■■ 

The test unit.was assembled with parts from the present con- 
figuration with the addition of the sonic attenuator P/N 
27429, The cover of tlie test block was modified with an^/ 
access port and sealing plug to a llo|/ removal of the sonic 
attenuator. 
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Applicable Documents 

Scott Aviation Engineering, Report No. ER 1062 "Delta Quali- 
fication Test Procedure of the pressure reducer sonic atten- 
uator for the Firefighter 'jf=S3|ea thing System" dated 30th of 
January 1975. ' 


TEST PROGRAM 


Procedure . ^ 

All tests were performed in accordance with Scott Aviation 

/i 

Delta Qualification Test Prccedure No. ER 1062. This procedure 
appears in Ejc'^ibit II of this report. ^ 


Data 


All data sheets appear in Exhibit I . 


Test Performance .a 

— ^^= 4 ? 

All tests were performed at Scott Avicatitp, Lancaster, New 
York. 


TEST RESULTS 




Physical Characteristics 


The sonic attenuator was subjected to the physical charac- 

i 

teristics inspection specified in paragraph 3.1 of ER 

(]' ^ . 

1062. The part satisi|ied the diminsions specified on the 
drawing and had a good general appearance. 


Flow Test h 

The sonic attenuator assembled into the test blocTc was su^> 

jected to the flow test as specified in Paragraph 3.2 of 

’ If 

Jj 

1062. The test block satisfied the flow requirements and a 

post test inspectiisjn of the sonic attenuator show no change 

! 

in physical characteristics i / ■ 


Hich TemDerature/BackPressure 


The sonic attenuator assembled into the test block was sub- 

f 

jected to the high temperature/backpressure test ais specified 
in paragraph 3.3 of ER 1062. Post test inspection showed 
that the sonic attenuator had not lodged in the hole in the 
center of the regulator piston. Visual inspection of the 
physical characteristics showed no defects or changes. 
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Life Cycle 

The sonic attenuator assembled into the test block was 
subjected to the life cycle test as specified in Para- 
graph 3.4 of ER 1062. Plow testa and physical charac- 
teristics inspections at the 0, 20, 50 and 100,000 cycle 
intervals showed no resulting changes. 


CONCLUSION c 

The teat results show that the addition of the sonic 
attenuator eliminates any "squeal" from the operation 
of the pressure reducer without effecting its ability 
to function. 

It can be concluded that the addition of the sonic atten- 
uator meets the intent of the. NASA specification and is 
both safe and suitable for its intended useA. 


le/ 
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Para. 3.1 Physical Characteristics 


Length ^ 
Pin Dia . . i 


,105 in. 


Head Dia. « 144 in, 


Head Thk.,012__ in. 


Weight .1527 grams 
General Appearance 


para 


^low Test 


Inlet 

(PSI) 

1200 


Flow Draft 
(LPM) ^ 


Allowable 
(in, H 2 O) 


Para. 3.3 High Temp/Sackpressure 


Visual Inspection pin free in center of 


para. 


Length .495 in. 
Pin Dia. .165 in. 
Weight . 1527 grams. 

3.‘4 Life Cycle 
O Cycles 
Lencrth • . 496 in. 
Pin Dia, .105 in. 
Weight . i e ;97 grams 


Head Dia. .144 in. 
Head Thk . . G12 in. 


Head Dia, , 144 in. 
Head Thk , .012 in , 


Inlet 

(PSI) 

1200 


Plow Draft Allowable 
(LPM) (in. H 2 O) (in. H 2 O) 

390 -.65 =2.0 


Length ,496 in. 
Pin Dia. ,105 in. 
Weight. ,1526 gprams 


Head Dia. . 144 in, 
Head Thk.. 012 in. 


Inlet 

(PSI) 

1200 


Plow Draft Allowable 
(LPM) (in. H 2 O) (in, H 2 O) 


-.91 


50,000 Cycles 
Length . 495 in. 
Pin Dia, .105 in. 


Head Dia, "144 in, 


Head Thk. .012 in, 


Weight .1526 grams 

Inlet Flow Draft Allowable 

(PSI) (LPM) (in. H 2 O) (in. H 2 O) 

1200 390 -.84 =2.0 


100 ^000 Cycles 
Length . 495 in. 
Pin Dia. .105 in. 
Weight ■ 1526 grams 


Inlet 

(PSI) 

1200 


Flow 

(LPM) 


Head Dia . .144 in. 
Head Thk. in. 


Draft Allowable 

(in. H 2 O) (in. H 2 O). 

-.72 


C8-f 
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" ■ 

1.0 INTRODUCTION , „ 

This procedure presents a series of qualification tests 
to he performed on the pressure reducer for the Fire- 
fighter's Breathing System. ; 

The tests are intended to verify that the addition of 
■ the sonic attenuator eliminates the' "squeal" from the 

function of the pressure reducer. Additionally, the 

■ 4 . '■ 

!( c* 

test series is intended to verify that pressure reducer 
performance will continue to comply with the required 
functional and environmental parameters and qualify it 
for use during the Field Evaluation Program, 

2.0 ;i GENERAL 

■ ■ -j 

2.1 T^ST MEDIUM 

The gas used will be pure, dry breathing air aonforming 
to the requirements of the Compressed Gas Association Com- 
modity Specification for Air, G-7.1, Type l (Grade D or 
higher quality.) 
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ENVIRONMEHTAL CONDITIONS 

Unless otherwise specified, the atnbient conditions for 
conducting the operational tests herein will be as 
follows s 

(1) Temperatures 77 + 18* P 

(2) Relative Humidity: 90 percent or less 

(3) Barometric Pressures Local standard (28 to 

32 inches of Hg) 


TEST ARTICLE 

’ ... ^ 

All tests will be conducted using a test block machined 

to simulate the primary section of the pressure reducer 
P/m 27237, The test unit will be assembled with parts 
from the present configuration such as piston, spring, 
seat, etc., with the addition of the sonic attenuator 
P/N 27249. The cover of the test block will be modified 
with an access ^rt and sealing plug to allow removal of 
the sonic attenuator. 


ORDER OF TESTS 

Unless otherwise specified, all tests will be performed 
in the order presented herein. 
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2*5 passAail criteria 

The following criteria must be satisfied during the 
course of testing. 

1) The unit must meet the flow requirements. 

2) The sonic attenuator must be free from exces- 
sive wear or deformation. 

3) The regulator must not emit any "squeal;" 

4) The sonic attenuator must be constrained by 
the cover of the test block and freely posi- 
tioned within the flow port at the large dia- 
meter end of the piston, 

3.0 SPECIFIED TESTS 

3.1 PHYSICAI, CHARACTERISTICS OF THE SONIC ATTENUATOR 
Before beginning any tests determine the following charac 
teristics of the sonic attenuator. 

1) Overall length, pin diameter, head diameter 
and head thickness. 

2 ) Weight 

3) General appearance. 


I 


U- 
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3.2 


FLOW TEST 

Apply pressure to the inlet of the test block which has 
a demand regulator attached. Draw flow at the inlet 
pressure indicated on the data sheet and record the re- 
suiting draft. Following the flow test/ remove the. 
attenuator from the test block and repeat the measurements 
of paragraph 3,1. 


3,3 


// 


(( 

\ if 

\ 

■ 


HIGH temperature/backpressure 

Place the test block in an environmental chamber for a 
minimum of 16 hoW^s at a temperature of 165® P. Following 
this exposure, remove the block from the chamber and apply 
a pressure of 500 PSI to the inlet. Backpressure the low 
pressure port to 150 PSXG/ remove supply pressure and 
maintain the 150 PSIG backpressxire. After thirty minutes 
exposure to the above conditions vent all pressure and 
visually inspect to determine that the sonic attenuator 
is not lodged in the hole in the center of the piston. 
^f=the sonic attenuator is lodged in the hole , attach a 


demand regulator to the te-^t block, apply 500 PSIG to the 
inlet and take 10 normal breaths. Again visually inspect 
and note results. 

Following the above tests remove the sonic attenuator f rcrni 
the test block and repeat the measurements of Paragraph 3,1. 


I 
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3.4 LIFE CYCLE 

install the test bloch in the test setup shown in 
Figure l. Adjust the cam controlling the demand 
regulator to draw a peak flow of 150 LPM with 2000 
PSIG applied to the inlet test block. Adjust the 

4 

speed of the motor to 30 RPM. 

Using the system explained above cycle the test 
block until a total of 100,000 simulated breathing 
cycles have been obtained. Perform the flow test 
of Paragraph 3.2 and then the physical paragraph 
characteristics of 3,1 at the 0, 20, 50 and 100 
thousand cycle intervals during the life cycle. 


Q. 


\ 






TESaS, EOIEtPMEJSEH- 


3R-JLD64 


ETEH 

HO. 


MANUFACTURER 


MODEL 


ACCURACY 


Plowmetexo 


Brooks 


10 - 1110-10 


F-214 


± 2 % 


Pressure Gage 


U. S. Gauge 


0-3 OGO psi 


G-218 


+ 2 % 


Water Column 


F, W. Dwyer 


-2 to 20 
inches/water 


0063 


Environmental Chamber Tenny Engineering 


Temper a ture/bumi d i t y 
Controller 

Program Controller 


Bristol Company 
Bristol Company 


TTUFR 100350 

TP-2T500FPF 

S4-43B 

253A50061 


65A,10 

606 

65A,10 


±(.5‘^P 


+ S^'F 


Stop Watch 
Analytical Balance 


Meylan 


Chemical Rubber Co. 


204b 


SW-51 


1Q3042 


Vernier Clipers 


I 
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1.0 ABSTRACT 

This report presents the results of the Delta Qualification 
Test Series performed on the Modified Firefighter's Breathing 
System (FBS) , Scott Part Number 27275. The series of func- 
tional and environmental tests^ was intended to verify that 
design improvements made in the PBS comply with required 
parameters and qualify it for use in the field evaluation 
program. 

The unit successfully passed;the tester although some problems 
were experienced during life cycling. These were not con- 
sidered significant since they occurred after 70% of the test 
was completed and a user would not have detected the problem. 
Normal maintenance would have returned the unit to proper 
regulated pressure tolerances. 

It can be concluded that the modified configuration of the 
PBS meets the intent of the NASA specification and is both 
safe and suitable for its intended use. 


2.0 GENERAL 

2.1 Items Tested 

Partial Firefighter's Breathing System - Scott , 

■ ' ■ ' ■ ' ' ■ • ''-D ■ ■ ' ■■ ■ 

Rev. B, consisting of pressure reducers P/jN 27237, Rev. B, 
S/N's 6 and 7 and breathing regulators P/N 27235, Rev, B 
S/N's 1 and 8. 

2.2 Applicable Documents 

Scott Aviation Engineering Report No. ER 1054 

"Delta Acceptance Test Procedure for the Modified Pire- 

/ 

fighter's Breathing System" dated 4 October 1974. 

***^'-^ i 


X 
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Scott Aviation Engineering Report No, ER 1053. 

"Delta Acceptance Test Procedure for the Firefighter's 
Breathing System" dated 16 Septenib^4: 1974. 

f 

3.0 TEST PROGRAM | 

3.1 Procedure 

Ail tests were performed in accordance with Scott Aviation 
Delta Acceptance Test Procedure No. Er 1053 and Delta 
Qualification Test Procedure No. ER 1054. These procedures 
appear in Exhibits II & III of this report. 

3.2 Data 

All data sheets appear in Exhibit I . 

3.3 Test Performance 

All tests were performed at^ Sciott Aviation, Lancaster, 

. New York. " 

4.0 TEST RESULTS y 

4.1 Specified Tests 

,4.1.1 Low Temperature Operation 

The PBS (Pressure Reducer #7 and Demand Regulator #8) was 
subjected to thC: low temperature operation test as defined 
by paragraph 3,1 of ER 1054. The unit successfully met all 
requirements, A leak of 10 cc/min was detected in the backup 

seat retainer while at -40® P low temperature. When the unit 

■ ' ■. 5 V' ; ■ • . . 

was returned.^ rtibm ambient conditions, the leak rate 

reduced to 0.«S cc/min. 


__ A. 


. 1 
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4.1.2 High Temperature Operation 

The PBS (Pressure Reducer #7 and Demand Regulator #8) 
was subjected to the high temperature operation test as de- 
fined by paragraph 3.2 of ER 1054. The unit successfully 
met all requirements. During breathdown at 165 F a noise 
was emitted from the primary spring/piston assembly when 
inlet pressure was decreasing from approxiVnately 4000 to |' 

I 

3000 psi and then it disappeared. This did not affect ■ 
unit performance, 

4.1.3 Life Cycling 

The PBS (Pressure Reducer #6 and Demand Regulator #1) was 
subjected to the life cycling test as defined by paragraph 

3. 3 of ER 1054. The performance test at the completion of 
3500 total cycles showed that the lochup pressure of the 
backup regulator in the pressure reducer had climbed to 155 
psi (150 psi maximum allowed) and the relief valve had 
cracked as eyidenced by bubble leakage. When the unit was 
reohecked 16 hours later, the backup pressure crept to 
153 psi with no leakage apparent ^^This situation was 
relayed to NASA and the decision was made to continue 
testing rather than perform maintenance on the unit. 

After 5000 i£otal cycles, the primary lockup pressure was 

102 psi (100 psi maximum allow^J) and the backup lockup 

' / {■ /} 

pressure was 153.5 psi (150 pst=u®kiraum allowed). All 

other parameters were fdund| to be within required tolerances. 
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The high lockup pressures encountered -were not considered 
significant since routine maintenance procedures would 
have corrected this problem and functional performance was 
not degraded. 

High Pressure Exposure 


The PBS (Pressure Reducer #7 and Demand Regulator #8) was 

subjected to the high pressure exposure test as defined by 

paragraph 3.4 of ER 1054, After 72 hours of exposure to 

4500 psig, the unit successfully met all requirements. 

Leakage was detected at the vent of the low pressxire turn-on 

(1.3 cc/min) and at the vent of the transfer valve (less 

—3 

than bubble leakage IXIG scc/sec) , 


SPECIAL TEST 

High Pressure Exposure at High Temperature 
The PBS (Pressure Reducer #7 and Demand Regulator #8) was 
subjected to the high pressure exposure at high temperature 
as defined by Paragraph 4.1 of ER 1054. Following 16 hours 
of exposure tv? 4500 psi inlet and 165® P, the unit was tested 
and it successfully met all requirements. A leakage of 1«6 
cc/min was detected at the vent of the low cylinder turn --on, 
and the diaphragm of the demand regulator fluttered somewhat 
during the high flow conditions of breathdown using the 
breathing machine, it should be noted that during both 
normal and heavy subjective breathing, no fluttering occurred 
Neither of these conditions effected the performance of the 
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CONCLUSION 

'3?he problems encountered during testing were analyzed as 
follows s 

Leakage - All leakages encountered were well below the 
allowable outward leakage of 20 cc/iain and, therefore, 
not considered detrimental to unit performance, _ 

High Lockup - Lockup pressures exceefing the maximum 
allowed were experienced ohlyi^after 3500 simulated usage 
cycles. This situation could have been corrected by main- 
tenance procedures and, therefore, does not signal a design 
problem. Additionally, it should be noted that a user would 
not have detected theses conditions without the use ^pf pressure 
gages to measure interstage pressures. 

It can be concluded that the modified configuration of the 
PBS meets the intent of the NASA specification and is both 
safe and suitable for its intended use. 
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TEST RECORD 
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Uato j 


/O^ /- 7^ 

^ »— 'WM«ssa 


1. Turn on And breathe* Did i^hlstla sound? 

2. Continue breathiti 9 . Did whistle stop after several breaths? 

3. Knqaoe press^to-test and continue breathing* Did warning wh 


Y/ts 


Engage press^to-test and continue breathing* Did warning whistle 
sound? 1 

Release press- to-*test and continue breathing* Did warning whistle 
stop after several breaths? K /r ^ 

CoTTUnents t 


Perform an external leakage Hone allowctd. ^ 


Turn cylinder valve off and slowly breathe trapped syatsm pressure 
down* Did warning whistle sound? ^ 


^2-^3. Presa-To-Toat & Transfer 
a) Engage p. T* T, 


\ j 

System S/H " 

Hsid 

PHBSS* 

breaths required to transfer to 


backup pressure schedule at 4300 + 20 O pal. (3 breaths max.) 

b) Release P. T* T* / breaths required to transfer to 

primary pressure schedLile at 4300 1 200 psi <6 breaths max*) 

o) Engage P. T* T. / breaths required to transfer to backup 
« pressure schedule at 1200 ± 200 psi (3 breaths max* ) * 

d) Release P* T, T* / breathe required to transfer to primary 
at 1200 + 200 psi (6 breaths max) , 

•) Repeat P.T«T. and release several times and check for repeated 
transfer and return from primary to backup and back to primary. 

f) Cofitmentes a/r,Ar/z<yc>A^^3oc? Fs( 

4* Demand Regulator Inward Leakage (Exhalation Valve) 


Draft 

Inches of Water 


Plow 

cc/Hin* 


Limits 

ee/Min* 


S. Flow Drafts 


Initial Turn On *f"wDQO psi. Supply Pressure 

a) ■ / breaths required to transfer to primary 

^ w (6 breaths max. } 

b) o n psi primary pressure 

c) Did whistle sound momentarily prior to transfer to primary? ^ £-S 

d) Did whistle fully cease after several breaths? ^ 

e) Turn cylinder off and breathe syst^ down. Did whistle coskc 
on for low pressure warning? 7i£^ 

f ) Comments r . . 

Interstaco Pressure (Normal Breathing) 


breaths required to transfer to prijsary 
(6 breaths max.) 
psi primary pressure 


Inhalation 
7^ p si 

H 4 " p gi 

Comontsi 


Eichalation 


Lockup After 3 Minutes 


92 ^ p al (95 max) ^2. P sl (lOQ max) primary 
©4300 1 200 psi 

/3d? p si (120-140) AT/ p sl (ISO max) backup 
^ ^ > ©4300 t 200 psi 

■■ (95 max) Qk? _psi (100 max) priioary 

_ @1200 i 200 pai 

/ P si (120-140) /fc^h-p si (ISO max) backup 

woo igo psl 


./V ^ 

Flew 

Primary 
4300 i 
200 pal 

primary 
1200 ± 
200 psi 

Backup 

1200 i 

200 psi 

Backup 

570 

psi 

Backup 

100 

psi 

Limits 

in 

K 20 

Cracking (50 cc/mln) 

//777/ 





-0.1 to -0.5 

170 LPM, KTPD 

'//X/z 




A' ^ 

-2.0 max. 

257 LPM, NTPD 

Of '.?■ 


,A/, . 


7/yy/ 

-1.25 max. 

390 LPM, NTPD 

LO 



22 ;?:: 


-2;0 max. \ . 

476 LPM, NTPD 


22221 

hO 


■2^ 

-2.0 max.» ; 


^Interstage pressure shall be 90 psig min* 
Comments t 

6. Lew Cylinder Pressure Turn-On t 

Comments 5 _ 

7. Whistle Alarm Dy^^alT^ic Full bis/Full Off ' 


(865 I 35 pal) 


Dynamic Full on ^ 
Dynamic Full off" 


PSIG (100-110 PSI) 
>SIG (30-90 PSI) 


B« purge Flow 


Inlet Pressure 
PSIO 


Flow 

LPM, NTPD 


9* Exhalation Flow 
Flow 

Crack (50 cc/min) 
257 LPM, NTPD 
'476 hVH, NTPD 


Pressure 
Inches of Water 


Liudts 
LPM* NTP D 

125 to 200 LPM 


Limits 

Inches of water 
+0.5 max. 
<f2.0 max* 
+4.0 max. 


ORIGIN-^ PAGE IS 
OP POOR QUALITY . 
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4S -1Q5.3 ^ 

^.0SZ^ 


Dat«8 


syatew s/N 

n<3 Rfl 


fVfJ?Tjn»AL T^TS 

Turn on and br«athe« Did whiatla sound? 


y^s 


Continue breathing. Did whistle atop after several breathe? 


Yifs 


3* Engage proBO-t^toat and continue breathing, ^ Did warning whietlo 
sound? Yf^S 


4. Release preas<'to-test and continue breathing . 
atop after several breaths? V 

5- Comments T 


Did warning whistle 


6, .perform an external leakage test. Uone allowed, 

B/\c kUP Sts:nrr /?^-7yt /Vigg uiSA ttPO^S' cc/Mf^f 1_ 

7, Turn cylinder valve off and slowly breathe trapped ayaten preeaura 
down. Did Warning whistle sound? YeS 

Corments ’ 


PEKrORMAKCS TESTS 
1- Initial Turn On 


^3 00 


psi. Supply Pressure 


a) 

c) 


2. 


xz 


breaths required to transfer to prinar^' 
(6 breaths max,) 
psi primary pressure 


d) Dfd whistle fully cease after several breaths? 

e) Turn cylinder off and breathe system down. Did whistle 
on for low pressure warning? Y , 


f 3 Coinr*sntst 


2m Interstage Pressure (Normal Breathing) 


Consnentsi 


@800 i§o psi 


0^ 


3. 


AFTi^R tZHl{ SoBH 

preas-To.-Test & Transfer ■ " 7 ^ ^0 6 ^ 


a) 

b) 
o) 
a) 


Engage p, T. T, / breaths required to transfer to 

backup pressure schedultT^t 4300 + 200 psi. (3 breaths max.) 

RelonsQ P. T, T. / breaths required to transfer to 

lurimary pressure achedulG at 4300 i 200 psi (6 breaths max.) 


Engngo P. T. T. 


breathe required to transfer to backup 


pressure schedule at 1200 ± 200 psi (3 breaths max,)< 


breaths required to transfer to primary 


Koloase P, T* T. £ 
at 1200 + 200 psi (6 breaths max) . 

Repeat P.T.T, and release several times and check for repeated 
transfer and return from priirtary to backup and back to priicary. 


f ) Con'ments : 


'4. Demand Jteem labor Inward Leakage (Exhalation Valve) 


Draft 

Inches of Hater 

-O.S 

- 2.0 


Flow 

cc/Min, 

f,Ct 

J.S 


Limits 

cc/Hln, 

5.0 

5.0 


5. Flow Draft 


Did whistle sound r4omentari3y prior to transfer to orlsiarv? « 

¥03 ^ - ■ ■ 


Flow 

t 

200 psi 

Primary 
1200 ± 
200 psi 

Backup 

1200 i 

200 pel 

Backup 

570 

psi 

Backup 

100 

psi 

Limits 

in 

H 2 O 

Cracking (50 cc/min) 


a44 




-0,1 to -0.5 

170 LPM, NTPD 






-2.0 irax. 

257 LPM, NTPD 






—1*25 max. 

390 LPM, NTPD 

y;.72 

1.^0 




. -2*0 max. 

476 LPM, NTPD 




A/O 


-2,0 max* * 


*lnterstags pressure shall be 90 psig min. 
Comments : V 


6. Low Cylinder 'Pressure Turn-Ons 
Comments s 


SJS 


(365 Z 35 psi) 


7* Whistle Alarm Dynamic Full On/Full Off 


Inhalation 

Exhalation 

Lockup After 3 itinutes 


76 

J)si 


(9S max) 

psi (100 max) primary • 

0. 

JJ± 

_psi 

/2.7psi 

(120-M0) 

@4300 t 200 psi 
iZfPsL (150 max) backup;-. 



_pai 


(95 rnuc) 

^*^-@4300 + 200 poi 
oOtO psi (100 max) primary 


174- 

_j»si 


(120-140) 

- ^@1200 ± 200 psi ^ 
ffT Dsi (150 max) backup 

9. 


Dynamic Full on _ 
Dynamic Full off" 


/^/ P SIG (100-110 PSI) 


3!^ JPSIG (SO-90 PSI) 


8. Purge Flow 


Inlet Pressure 
PSIQ 


300 


Flow 

LPM. mpp ¥. 

JSi? 


Limits 
LPM, NTPD 

i25 to 200 LFH 


a% 


Flow 

Crack (SO cc/min) 
2S7 LPM< KTPD 
476 LPM* NTPD 




pressure 
Inches of water 


a.rc 


f7gim 

Limits 1 

inches of Water j 

+0,5 max. * 

+2,0 max. .. j 

+4-0 max, i 
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FUUCTIOI/M. TESTS 

X* Turn cn and breaths* Did whistle sound? 


Yts 5 


2* Continue breathing* Did whistle atop after aeveral breathe? 1 lZ 

3. orvyd-^ttjrtowt untl cuntinuo bruatHing* Did warning whiatlo 

sound? 


4* Release press->to-test and cont^ue 
atop after several breaths? 7 Z? 

5m Cor^nentsi 


)* Did warning whistle 


6 * perform an external leakage test. Nona allowed. 


3* Pregs«*TQr»Test & l*rans£or 

a) Engage P* T. T. / breathe requited to tranefer to 

backup pressure schcduleTt 4300 + ?00 pai, {3 breathe max.) 

b) Ralnnsn ?. T. T, / breathe required to transfer to 

pritnury pressure schedule at 4300 t 200 pai (6 breaths max.) 

g) Bnguyu P. T. T. / breaths roquirod to trnwofor to backup 
pressure schedule at 1200 + 200 psi {2 breaths max.). 

d) Release P. T. T* ^ breaths required to transfer to pri^^ry 
at 1200 ± 200 psi C 6 breathajljinax) , . 

e) Repeat P.T.T. and r^easa 'Several times and check for repeated 
transfer and return from primary to backup and back to pr/imary. 

. f) Comments: 

4. Demand Remilator Inward Leakage (Exhalation Valve) 


Turn cylinder valve off and slowly trapped system pressure 

down. Did warning whistle sound? ^ fS S 


Draft 

Inches of Mater 


Flow 

cc/Min, 


Limits 

cc/Min. 


Co[t7>^nts ^ ^ 

s:>Jjittic- jRSATHS^Wr^^jHOt^S ncr^ 

-Ff^VK -Ttf £ t?^r yg- 7P\ ^Tc W 


eRrORMA3;C5 tests 


5. Plow Draft 


Initial Turn On ^ J psi. Supply Pressure 

a) / breaths required to transfer to primary 

(6 breaths max.) 

b) 7 & psi primary pressure 

c) Did whistle sound momentarily prior to ttansfois to primary? _ 

d) Did whistle fully cease after several breaths? 

e) Turn cylinder off '"and breathe syetem down. Did whistle come 
on for low pressure warning? 


ms- n„ Ag,. g 


£) Commen-ts r 


inters taqe pressure (Normal Breathing) 


Inhalatir^n 


Exhala;: ion 


Lockup After 3 Minutes 


p ai p si (95 max) ^*7 p si (100 max) primary 

(fi>4300 ± 200 psi ^ Q 

* 2^ D si / 2J? p si (120-140) /£? u si (150 max) bac)cup Q W 

70 p si yy p si [SS max) Q / p si (100 max) primacy * ^ 


f f4^t>a 


Comments! 


/7 p ai (95 max) O / p si (100 max) peiaacy 
. --.©1200 i 200 p»i 

/ CL^ »1 (120-140) Hf2_poi (150 max) backup 


®800 iSo psi 


^ 5' 


Backup Backup 
570 100 

psi psi 


Limits 

in 

H 2 O 



178 LPH, NTPD 


257 LPH, NTPD 


390 LPM, NTPD 


476 LPH* NTPD 


^Interstage pressure shall be 90 psig tnin. 
Comments; 

6 . Low Cylinder Pressure Turn-On: 

Comments j’ 

7. Mhistle Alarm Dynamic Pull Off 


(865 1 35 psi) 


Dynamic pull on 
Dynamic Full off 


_PSIG (100-110 PSI) 
_PSIG (80-90 PSI) 


8 . Purge Plow 


Inlet Pressure 
PSIG 


Flow 

LPM. KTPD 


/rr 


Limits 
LPH. HTPD 


125 to 200 LPM 


9, Exhalation Flov3 00 /Ci?S! rJS'lPA 90f3lfA{A> 


Pressure 
Inches of Water 


Crack {SO cc/min) 
257 LPM, NTPD 
476 LPM, NTPD 


C^.to 

Z.7 


Limit, . 

Inches of Mater 
+0.5 max. 
+ 2*0 max. 
+4.0 max. 




t 

I 
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CTXCKAL TSSTS 

Turn on and br«a^e. Did whiatla sound? 

.Cotitinu«*T>reathing. Did whistia »top after several breaths? 

Engage press*- to- test and continue brcarhing. Did warning Whistle 
sound? Y 

Release press-tO'-test and contii^e breathing* Did warning whistle 
atop after several breaths? 7 f£ C 

Conanentsi 


Perform an external leakage teat. None allowed^ 

s^all. i.enMaC-e aur-rRfkNSi^t-Tt. ^ALyi? i/iSf/r a i)i-D v<>r ,-^s/. 

Turn cylinder valve off and slowly breathe trapped systeni pressure 
down. Did warning whiffle sound? ' 


Comments 


LFORMA^TCE TESTS 


Initial Tiim On QO psi. Supply Pressure 

a) * f breaths required to transfer to primary 

_ (6 breaths max.) 

b) o D pai primary pressure ; * 

c) Did’^’-^histle sound momentarily prior to transfer to primary? Y&S t 

d) Did whistle fully cease after several breaths? ^ /ss : 

e) Turn cylinder off and breathe systen^down. Did whistle come 

on for low pressure warning? _ V S^S 1 * 



f) Commentat 


r e; (Kormal Breathing) 
Exhalation I 


Ii^halation Exhalation Lockup After 3 Minutes 

*7^ p flil p si (95 max) p si (100 max) primary 

@4300 t 200 psi 

iZ. I p si (30 p si (120-140) i30 p si (150 max) backup 

• . . @4300 t 200 pel 

p si oO p si (95 max) psi (100 max) primary 

^ ‘ ^^@1200 t 200 psi 

ifZ p si y^^p si (120-140) /22.P S1 (150 max) backup 

«aoo i§o p.i 

Comnentst 




Datet Twjr' — * Syatem S/K 

Paso 

3, Pxeas-To-Test & Transfer 

a) Engage P. T. T. ^ breaths required to transfer to 

backup pressure schedulo'at 4-300 + 200 psi. (3 breaths max.) 

.. b) Release P. T. T. / breaths required to transfer to 

primary pressure schedule at 4300 t 200 psi (6 breaths max.) 

e) Engage P* T. T. / breathe required to transfer to backup 
pressure schedule at 1200 ± 200 psi (3 breathe max.).’' 

d) Release P, T. T. 2- breaths required to transfer to primary 
at 1200 + 200 psi (6 breaths max) . 

e) Repeat P.T.T. and release several timea and cheek for repeated 
transfer and return from primary to backup and back to primary. 

f) Comments? 

4, Demand .Regulator Inward Leakage (Exhalation Valve) 


Draft 

Inches of Water 


Flow 

ec/Min. 


Limits 

cc/Hin. 


5. Flow Draft 


Plow 

Prinary 
4300 t 
200 psi 

Primary Backup 
1200 ± 1200 Z 
200 psi 200 psi 

Backup 

570 

p.i 

Backup 

100 

psi 

Limits 

in 

K 2 O 

Cracking {SO cc/min) 


0.^4- C.46 



-0,1 to -0,5 

178 LPM, NTPD 



w 


-2.0 max* 

257 LPM, NTPD 

o.S'^ 

6,7-i’ /,lo 



-1.25 rax. 

390 LPM, NTPD 

oso 

a. So 



-2.0 max. 

476 LPM, NTPD 


/.Z4- 

l,/i> 


-2,0 max. ‘ 


winter stage Pressure shall be 90 psig min. 
Comruents ? ■ 

6* Low Cylinder Pressure Turn-On? ^ 4' O 

Comments: ^ 

7. Whistle Alarm Dynamic Full On/Full Off — 


(665 I 35 psi) 


Dynami^t on 

Dynamiq^j-Full off” 


PSXC (100-110 PSI) 
JSIG (80-90 PSI) 


8. Purge Flow 


Inlet Pressure 
P510 


Flow 

LPM, tJTPD 


Limit* 

LPM. MTPD 

125 to 200 LPM 


9, Exhalation 
Flow 


H?a/ /inepf 9apo/MiO. 


Pressure 
Inches of Water 


Crack (SO cc/^in) 
257 LPM, NTPD 
476 LPM, KTPD 


0^ 

/no 

'z.ro 


Limits 

inches of Kater 
40.5 max. 

42.0 max. 

44.0 icax. 


& a 

Q 

Ak) * 




Conmienta i 


System S/U 


/f//tf=// syrast/i{£ ^r- 

3. preaa-To-tTeat & Transfer 

a) Engage P, T. T, / breaths required to transfer to 

baclcup pressure BChcduXe at 4300 + 200 pai. (3. breaths max*) 

b) Ttolonno P. T* T* i breaths required to transfer to 

primary pressure schedule at 4300 i 200 pai (6 breaths nax*) 

o) Enyago P. T* T- / brenthe roquirod to tron^for to backup 

prosBUro schadulo at IZOO ± 200 psl (3 breaths max*)* 

d) Release P. T. T* ^ breaths required to transfer to primary 
at 1200 +.200 pai {6 breathe max). - 

e) Repeat P,T.T. and release several time* and check for repeated 
transfer and return from primary to backup and back to primary. 

f) Comments ; ■ . 

*4. Demand Reoulator inward Leakacye (Exhalation Valve) 


Draft 

Inches of Water 


Flow 

cc/Hin* 


A2c7 

/.9d~ 


Limits 

cc/Hin. 


Flow Draft 


Flow 

Primary 
4300 + 
200 psi 

primary 
1200 + 
200 psi 

Backup 

1200 r 

200 psi 

Backup 

570 

psi 

BaPkup 

100 

psi 

Limits 

in 

HjO 

Cnracking CSO cc/min) 


0,3^ 

0..3S 



-0*1 to -0,5 

178 LPM, NTPD 


W/ 

W/- 



-2.0 max* 

257 LPM, UTPD 


0*^ 

hto 



-1,25 max. 

390 LPM, iJTPD 


O.M 

'///' 



-2.0 i^x. 

476 LPM, NTPD 

Wtz\ 


Ato 

hio 


-2.0 max* ‘ 


* Inter stage Pressure shall be 90 psig rain. 

Comments! FlMTrKrftSJH AT 

6. Low Cylinder Pressure Turn-On: 

Comments: 

7* Vfhiatle Alarm Dynamic Full On/Full Off 


(865 Z psi) 


Dynamic Pull on 
Dynamic Pull off” 


8. Purge plow 


9. Exhalation Flw 
Flow 


ynamic Full On/Full Off " ' Q ^ I 

— ^ ^ I 

i JQ^ P SIO (100-110 PSI) j 

:f Hto P SiG (80-90 PSI) ' 

■ 

st Pressure Plow Limits r3 

PSIG LPM; HtrpD LPM, WTPD * C ^ 

300 f^O 125 to 200 tsa ^ 

//3 nSLm 9^PS/M/f(. 


Inlet Pressure 
PSIG 


Plow 

lpm; HtrpD 


Limits 
LPM, WTPD 


Pressure 
Inches of VTater 


Crack (50 cc/min) 
257 LPM, STPD 
476 LPM, KTPD 


Limits 

Inches of Water 
+0.5 max* 
+2*0 max. 
+4*0 max. 



1 

i 




F.lgjinsuX 


tfiM 


Date* If 30/1^ 


rWCTIOttAt. TESTS 

X* Turn on and breath*. Did whiatl* aound? 




X* Continue breathing* Did %fhiatle atop after aeveral breaths? 




3* Engage press-' to-teat and continue breathing. 
.oand7 yjg? 

4. Rejiease presa-to-test and continue breathing < 
step after several breaths? ; 

S# ■ Comments j 


Did warning whistle 
Did warning whistle) 


perform an , externa I lei^age test. Kone allowed. 

7. Turn cylinder valve off and. slowly breathe trapped system pres sura 


down. Did warning whistle sound? 


8* Coiranenta 


reache X 

yC5 


Initial Turn ,0n ^ 


ggRFORMAlICE :^£ST 5 
1 

a) L 

b) 


psi« Supply Pressure 




breaths required to transfer to primary 
(6 breaths max.) 
psi primary pressure 


c) Did whistle sound momentarily prior tc transfer to primary? 


d) Did whistle fully cease after several breaths? 

ystem d< 






•£5 


e) Turn cylinder off and breathe system j^own. Did whistle come 
on for low pressure warning? 


f ) Comments t 


2.^ interstage Pressure {Normal Breathing) 

Inhalation pchaiatlon Lockup After 3 Minutes 

■ p si y y p si 195 raa3«) ^^o si (100 max) primary 

^ * ^300 ± 200 pai 

• / 2. *f p si / 7*/o si (120-140} f p si (150 max) backup 

^ @4300 ± 200 psi 

^ / p si (95 max) p yj (100 max) primary 

.@1200 ± 200 pai 




/ET^p .i 


Commentsx 


f ^ p si (120-140) p ai (150 maixj backup 

eeoo Igo pai 



3d. 5^ 


System 

Ind 




3- l>rog«-To-^ruut & irranafcr p'CR, 

a) Engage P. T. T. / breaths required to tr^r4sfer to 

backup pressure schedule at 4300 * 200 psi. (3 breaths max.) 

b) Helcase p. T. T. / breaths required to transfer to 

primary pressure schedule at 4300 t 200 pai (6 breaths tnax.) 

c) Engage p. T. T. / breaths required to transfer to baeikup 

pressure schedule at 1200 1 200 psi (3 breaths max.), 

d) Release p. T, T* .breaths required to transfer to primary 

at 1200 ± 200 psi (6 breaths max) , 

e) Repeat P.T.T. and release several times and check for repeated 
transfer and return from primary to backup and back to primary, 

C) CoMnentBf {? /C /^QC pS/ /> 

4, Demand Regulator Inward Leakage (Exhalation Valve) 




Draft 

Inches of Mater 

-O.S - 
- 2-0 


Flow 

cc/Hin. 

c. 3£> 

C 


Limits 

cc/Min. 

5.0 

5.0 


Flow Draft 


Flow ' 

Primary 
4300 ± 
200 psi 

Primary 
1200 ± 
200 psi 

Backup 
1200 Z 
200 psi 

-- - ■ 1 

Backup 

570 

psi 

Backup 

100 

psi 

Limits 

in 

H 2 O 

Cracking (50 cc/min) 


. j?g 




-0,1 to -0.5 

178 LPH, NTPD ■ 




w 

<).y 

-2.0 max. 

257 LPM, NTPD 

L- 

<?. i' 

r 



-1.25 max- 

' 390 ' 


a >7 




-2,0 max. 

j 4 .^\uPM, NTPD 

7^ 

ypT/. 




-2.0 tTAX. ' 


^Interstage Pressure shall be 90 psig min* 
Comments: 


6. Low Cylinder Pressure Turn-pni 
Comments; 


S*7J' 


,f/l65 I 35 p»l} 


7, Whistle Alarm Dynamic pull On/Pull Off 


Dynamic Full on 
Dynamic Pull off" 


P SIG (100-110 PSI) 


W P SIG (flO-90 PSI) 


8, Purge glow 


Inlet Pressure 
PSIG 


Flow 

LPM. NTPD 


300 


/S'^ 


9. Exhalation Flow 
Flow 

/( 

Crack ( SO cc^in) 
257 LFM, NTPD 
476 LPHr NTPD 


Pressure 
inches of Water 

d .6^ 

i • 3 „ 

-iL • 


Limits 
LPM. WTPD 

125 to 200 LPH 


Limits 

Inches of Water 
+0.5 max. 
+2.0 max. 
+4.0 max. 


- Figure 2 


ea J L053 




r^mCTlQ!IAI. TEST ^ 

i\ " ■ ^ 

X. Turn on und ^re&the« Did vhietle sound? 


TLr^ 
S^^ 
3|> 


nntn % 

ipre 


JO-Z-7‘9- 


Cyntom r;/M 

^nd 




Afr0/^ c/cA^s 


Yes 


3* Pregs-To-Teat & Transfer 

a) Engage p* T* T, / breathe required to transfer to 
backup pressure schedule at 4300 200 pa i* p breathe inax*) 


2. Continue breathing. Did %ihistle stop after several braaths? 
3 


Y£S 


b) Release P- T- T* 
primary pressure 


breaths required to transfer to 

hedule at 4300 ^v^200 psi {6 breaths ma>c*l 


Engage pres^^o-test and continue breathing. Did warning whistle 
sound? 


c) Engage P. T. T. / breaths regu^i^ed to transfer to backup 
pressure schedule at 1200 t 2D0 psi (3 breaths max.), 


Release pr«ss*~to*test and conti^^ breath'liig . ^ Did warning whistle 
stop after several breaths? 


d) Release PV T. T, 'breaths required to transfer to primary 

at 120D + 200 psi (6 breaths max) # 


5. Commenta = 


// 

// 


«) Repea<^ P.T.T. and release several times and check for repeated 
transfer and return from p/jimary to backup and back to primary. 




6. 


i 

□he 


Perfoxa an external leakage test. Hone allowed. 

u-P / izA}<s . { s^^tJ cZ- 


4. Demand Regulator Jnward leakage (Exhalation Valve) 




Draft 

Inches o£ Water 


Flow .^,=r 
Gc/Min. 


Limits 

cc/Min. 


Turn cylinder valve off and slowly breabi^ trapped aystem pressure 
down. Did warning whistle sound? ^ 


-0.5 

■ - 2.0 


.ad 

()-o4- 


5.0 

5.0 


Consents 


S* Plow Draft 


PERFORXASCE TESTS ' ^ 

i. Initial Turn 6n psi. Supply Pressure 


0) 

b) 




breaths required to transfer to primary 
(6 breaths max.} 
psi primary pressure 


c) Md whistle sound momentarily prior t<;^l transfer to primary? jte 

d) Did whistle fully cease after several breaths? Yes. 


Flow 

Primary 
4300 ± 
200 psi 

Primary 
1200 ± 
200 psi 

Backup 
1200 X 
200 psi 

Backup 
570 
• psi 

Backup 

100 

pai 

Limits 

in 

H 2 O 

Cracking ( 50 cc/min ) " 

^/AiY/z 

0.3 



•\ 

V 

-O.l to -0.5 

178 LPJ4, fcITPD 

//)Y// 





-2.0 max* 

257 LPM^ NTPD 


'7 



'ZW, 

-1.25 max. 

39D LPM, NTPD 

. jf- 




<y// 

-2.0 max. 

476 LPH, NTPd’ 


■Z^ 


/V 


-2.0 max. * 


♦Interstage Pressure shall be 90 psig min* 
Comment*: . 


e) Turn cylinder of f^- and breathe system down. Did whistle coete 

S- ■ * 


on for low pressure warning? 

£| Co«yig.r>,m 


6- Low Cylinder Pressure Turn-On j 
Conwnents; 




(865 Z 35 psi) 


2* . interstage Pressure (Hormal Breathing) 
Inhalation Exhalation 

JSSi jn. _psi (95 max) 






Lockup After 3 Minutes S ^ 

©I 


Whistle Alarm Dynamic Full On/Full Off 

P 5IG (100-110 PSI) 


Dynamic Full on 
Dynamic Full off' 


_PSIG (80-90 PSI) 


jpsi (100 max) primary 


_a5_p-i 


. >@4300 ± 200 psi 
y.?-4*p si (120-140) /^^p bI (ISO max) backup 

@4300 ± 200 psi 


or^. 


6. purge Flow 


M. 


_ps4 (95 max) 


p si (100 max) primary 
@1200 t 200 psi 


- 


Inlet Pressure 
PSIG 


Flow 

LPM, NTPD 


Limits 
LPM, KTPD 


/? ?- o .i s' j22_JP*i ‘ (120-140) I30 p ai (ISO max) backup 

■40.J ®800 i§o pal 


Q vtl , 

d, 


9. 


.300 125 to 200 LPM 

Exhalation 


CoRE&ents t 




Flow 


Pressure 
Inches of Water 


Limits 

Inchea of Hater 


Crack (50 cc/min) 
257 LPM* NTPD 
476 LPW, NTPD 


0.07 

/.3 

Z‘^ 


+0.5 max. 
+2.0 max. 
+4.0 max. 







Figure 2 


- rwcT TO? r^T. rrjirs 

1. Ttirn on and liJteethe* 


Did whistle sound? 


i!£SL 



Cate« ■.... 


M 'J-' '■<’ 




2* Continue breathing. Did whistle stop a£ter several breaths? 




3. Engage press-to-test and continue breathing* Did warning whistle 
sound? y 

4* Release press -to- test and continue breathing. Did warning whistle 
stop after several breaths? ¥ 

5. Cofraffcnts t - 


6« Perfom an external Xeahage teat, tlone allowed. 

lAxj u/=^-rj^6Le ki«^nr LeAk^ CduLo N^fetx- 

MSfliaftaJ) 

7. Turn cylinder valve off and slowly breaitho trapped system pressure 

down. Did warning whistle sound? * 


S. Conrtonts 


VI 


jEfitrosa^ce^Tgjg. 

!• Initial Turn On 

... ; *) ■■■ V ■ 

*•) . 




pal. Supply Pressure 


TL. 


breaths,, r^uired to transfer to primary 
(6 breaths vwx,) 
psi primary pressure 


c) bid whistle sound momentarily prior to transfer to primary? Y£^ 
.. d) Did whistle fully tease after several breaths? 


e} Turn cylinder off and breathe system down* Did 
on for low pressure warning? S 


whistle coae 


f) COIftROntBl 


2* Interstage Prt^ssure {bomal Breathing) 


Inhalation 
2£j>»i 


E»th»iation 
M- ^si (95 sdax) 


Lockup After 3 Minutes 
n£ j>si (100 max) primary 


^ ®4300 t 200 

p *l V.?4-P «i (120-140) /44-u »t (ISO raaic) Ijadtup 

^300 + 200 p*i ,, 
psi (lOO max) prinkry 
H200 + 200 psi 


^ p al i p si (95 max) 

i1tZ p sl U20-140) 


Cements jr 


C150 max) backup 
®300 i §0 psi 


System B/^ 
nd Bi 


Af^TcK cyCL e^s 

3. Proga-To-Tost & Transfer 

a) Engage P. T. T. / breaths requited to transfer to 

backup pressure schedule at 4300 +200 psi. (3 breaths max.) 

b) Release P. T- T. 2 breaths required to transfer to 

primary pressure schedule at 4300 + 200' psi (6 breaths max.). 

es) Engage P. T* T. / breaths required to transfer to backup 

prossuro schedule at 1200 + 200 psi (3 breaths max.). 

d) Release p* T* T. 3 breaths required to transfer to primary 
at 1200 + 200 psi JL6_b« max) • 

e) Repeat P.T.T. and teloase several timga and check for repeated 
transfer and return from primary"^!;© backup and back to primary* 


f ) Comments : 




4* Demand Regulator Inward Leakage (Exhalation Valve) 


Draft 

Inches of Water 

-O.S , 

- 2.0 


Flow 

cc/Min. 

Of CO 

OfZ-0 


.Limits 

cc/Min. 

t 5.0 

\S.O 


¥ 


5. Plow Draft 


Flow 

Primary 
4300 1 
200 psi 

Primary 
1200 ± 
200 psi ^ 

Bacllun ^ 
1200i=S^^ 
200 p3i 

^S^ackup 

.570 

psi 

Backup 

100 

pai 

Limits 

in 

II 2 O 

Cracking (50 cc/min) 



0.4^ 



-0.1 to -0.5 

178 LPM, NTPD 


yy// 

y///- 


_p,^: 

-2.0 max* 

257 LPM, NTPD 

Of 70 

a.k>o 




-1.25 max. 

390 LPM, NTPD* 

Of. 'go 



///' 

W// 

,-2.0 max* 

476 LPM, NTPD 


Y//r 

-A-g... 

J.O 

fvW 

-2.0 max. ' 


^Interstage Pressure shall be 90 psig min. 
Comments* . 


6=; Low Cylinder Pressure Turn-On: 


XZL 


(66rS i 3S psi) 


Comments : 


7. Whistle Alarm Dynamic Full On/Full Off **' * 


Dynamic Full on 
Dynamic Pull off"" 


/d<£> PSIO (100-110 PSI) 
.y-r~^ PSIG (80-90 PSI) 


8. Purge plow 


Inlet pressure 
PSIG 

300 


Plow 

LPH* KTPD 


Limlta 
LPM, NTPD 

125 to 200 LPM 


o S' 

if 

■|| 


9.. 96 f%t Mtti, g 


Flow 

Crack (50 cc/kiin) 
257 LPMp HTPD 
476 LPM, NTPD 


Pressure 
Inches of Water 


Of/O 

JflO 

2,6^0 


Limits 

Inches of Hater 
+0*5 max* 
+2.0 max* 


' i, JJ I • . 


J . 
r 


+4.0 max. 







TR ST nn^Oftn, 

gjqura 2 



/< ? .x 7 . r - y ± .. 




FPSCTlCim:. TBTS 

1, Turn on «nd benathn. Did sound? 

2* Continue breathing. Did whistle stop after several breaths? ^ 

3a Engage pres^j^-test and continue breathing* Did warning whistle 
sound? 



ZS'o<> C/cL£S 

3* Pren?{-TO"Tcnt & Trnnnfor 




4« Release press- to- test and continue breathing. Did warning whistle 
stop after several breatha? Y^S 

5* Cosnents x 


6* PerforK an asternal leakage teat. Hon* allowed^ 


7* Turn cylinder valve off and alowljf br^c^o trapped syston pressure 


down* /-Did warning whistle senmd? 
Commits 


eath( 


gESfOSSjvVCg T^T£ 

1. Initial Turn On ■Jagg,. 

.) g - 

*») fo 


psi. Supply Pressure 


o 


breaths required to transfer to primary 
(6 breaths sax. ) 

psi primary pressura ^ 


yo) Did whistle sound isoMntariLy prior to transfer to priiaary? XiFS 

d) Did whistle fully cease after several breaths? - 

e} ,Turo cylinder off and breathe ayst>e« down. Did whistle com 
on for low pressure warning? 


Co:s»ents s 


®eoo i§o psi 


a) 

b) 

d) 

•) 


Engage p. T. T. . / larehths required to transfer to 

backup pressure schedule at 4300 + 200 psi. (3 breaths max.) 

Release P. T- T. ^ breaths required to transfer to 

primary pressure schedule s.t 4300 i 200 psi (6 breaths max.) 

breaths required to transfer to backup 


Engage p, T* T. 

proosuro achodulo at 1200 ± 200 p.«i (3 breaths ttox.). 

Release p. T- T. 3^5 ^ breaths required to transfer to primary 
at 1200 ± 200 psi '(6 breaths max) , 

Repeat P.T.T* and release several times (»nd check for repeated 
transfer and return from primary feo backup and back to primary. 


4. 


f) Commentsi 

Demand Regulh'toi? Inward Leakage (Exhalation Valve) 


Draft 

Inches of Water 

-0.5. 

- 2.0 


Flow 
cc/Mln , 




Limits 

cc/Mln. 

5.0 

5.0 


Flow Draft 


r 

i-; 

Plow 

Primary 
4300 ± 
200 psi 

Primary 

12‘^|i , ± 

200 psi 

Backup 
1200 X 
200 psi 

Backup 

570 

psi 

Backup 

100 

pal 

Limits 

in 

H 2 O 

Cracking (so cc/min) 






-0.1 to -0.5 

178 LPK^ NTPD 




.■//// 

0»70 

-2.0 max. 

257 LPM, NTPD 

0„b4' 

JhlZi. 


////: 

/ //// 

-1,25 max. 

390 LPM, NTPD* 

O.Kt 




y?y7 

-2,0 max. 

476 LPM. NTPD 

'^ZlA 

W/^ 




-2.0 wax. ' 


*lnterstage Pressure shall be 90 paig min. 
Comments s ^ 


6, Low Cylinder Pressure Turn-On: 
Comments ; 


i'iO 


(86S t 35 pai) 


lntcr.t.q» Pr.»>uC» 

(KOxul Bresthing] 

7. 

lnh»UtiOI> 

Exhalation 

Lockup After 3 lUnutes 




jisi (95 max) 

^4 osi (100 sax) prisuixy 

8. 

i2!Zjp.i 

/35L 

j»i (iao-140) 

iifO p*^ 

><2./ pai (150 »wij backup 


72 P.1 

Jta 

^si (95 suuc) 

^ - «4300 t 200 psi 
ao Dsi (100 max) primary 


tl ^ osi 

iM. 

_psi (120-140) 

.®1200 ± 200 psi 

(150 max) backup 



Dynamic Pull on 
Dynamic Pull off 


i 06 


PSIG <100-110 PSI) 
J?SIG (80-90 PSI) 


B. Purge Flow 


Inlet Pressure 
PSIG 


Flow 

LPM. KTPD 


Exhalation Flow 
Flow 

Crack (50 cc/Win) 
257 LPM, NTPD 

i' 

476 LPW* NTPD 


300 

3co 


ISO 


Limits 

LPM. NTPD 

125 to 200 LPM 


oMhio YitL?H\ 


Fresavire 
Inches of Water 


.04 

/.20 


Limits 

Inches of Water 
•{rO.5 teax. 
+2-0 max. 




(^1 


+4.0 max. 





Figure 2 


1« Turn on and breathe « Old whletle aound? 



f a,~srjr^.. 




2. Continue breathing. Did whistle stop after several breathe? 


Vas 


3n " Engage pr<as<rto-t«st and continue breathing. Did teaming Whistle 
Sound? S 


4« Release press- to-test and continue breathing. Did warning whistle 
stop after several breaths? Yi^S 

5. Corrments t 


6« Ferforta an external leakage test. None allowed. „ 

Me 

7. : Turn cylinder valve off and elowly br»^he trapped system pressure 

down. Did warning whistle sound? 

8. Concaents 


PERTORKRyCE TESTS 
1. Initial Turn On 

«) ^ L 

* 


Supply Pressure 


^ breathe rs<iuired to transffsr to primary 
(6 breaths n«x.} 
priioary p^ssure 


c> Did whistle sound moRientarily prior to transfer to prijiary? ■ 

_ij) Dia whlatl. fully ceas. aftar sanreral. braath*? 

e) Turn cylinder ‘iitt and breathe system down. Did whistle cone 
on for low pressure warning? 


t) CcrCTcntst 


2. interstage_Presaure (Normal Breathing) 


inhaLiiti^ 

,_ 4 SLjP« 1 - 


Exhala^cion 

OS MX) 


Lockup After 3 Hinutas 


-/h p si (95 max) 


si (100 max) primary , 
J3M300 ± 200 p»i 

/ p si (120^140) /3-D p si (ISO max) backup 

^ @4300 ± 200 psi 

psi (100 max) primary 

... y ' 

/ •5'y p si (120-140) 4 , 7? t^50 max) backup 

,« 8 D 0 igo P»i 

^ Ce^ 

AftBR Lcc^ UP 9^ 


System S/» 

■■Bind Rtti 




Pras3-To-Teot & Trans Cor 

a) Engage P. T. Tvy / breathe required to transfer to 

backup presButa scheduie at 4300 + 200 pal. (3 breaths max.) 

bj Release P. T. T, 2» breaths required to transfer to 

primary pressure schedule at 4300 i 200 psi (6 breaths max.) 

c) Engage Po T. T- rJ breathe required to transfer to backup 
pressure schedule at 1200 ± 200 psi (3 breaths max*)* 

breaths required to transfer to primary 


d) Release P. T, T, * 
at 1200 + 200 psi (6 breaths max). 

e) Repeat P;T.T. and release several times and check for repeated 
transfer and return from primary "to backup and back to primary. 


£) Comments: 


4, Deniand Regulator Inward Leakage (Exhalation Valve) 


Draft 

Inches of Water 

-0.5 

- 2.0 


Flow_ 

cc/kinl 

0 >0^ 
OtOZ. 


Limits 

cc/Hin. 

5.0 

5.0 


Flow Draft 


Flow 

Primary . 
4300. i 
200 psi 

Primary 
1200 i 

200 psi 

Backup 

1200 r 

200 psi 

Backup 

570 

psi 

Backup 

100 

psi 

Limits 

in 

H 2 O 

Cracking (50 cc/min) 






-0,1 to -0.5 

178 LPJf-1. NTPD 






-2,0 max* 

257 LPM, NTPD 

a. -70 


OJi 



-1,25 max. 

390 LPM, NTPD 



'•/// 

//:>v 

y//// 

-2*0 max. 

476 LPM, NTPD 



f./6 

/./ 

■y/// 

-2* 0 max. * 


^Interstage Pressure shall be 90 psig min 

Comments s . - ■ '■ . 

6 


Low Cylinder Pressure Turn-On-.^*^ 
Comments? . 


^LEQ_ 


(B65 Z 35 psi) 


7 . Whistle Alarm Dynamic Full On/Full off " ‘ 

Dynamic Full on 
l^namic Full off " 

8. Puree Flow 


PSIG (100-110 PSI) 
psig" (80-90 PSI) 


Inlet Pressure 
PSIG , 


300 


Flow 

LPM. NTPD 

nsr 


Limits 
LPH. NTPD 

125 to 200 LPM 


Pressure 
Inches b£ Water 


Crack (50 cc/min) 
257 LPM. NTPD 
476 LPM, KTPD 


A 5 <3 

2.3 


Limits 

Inches of Water 
+0.5 max. 
+2.0 max. 
+4.0 max. 


9. Sxhala.tion Flow^ ^ 0%C \0 MSlO f&/ miftA 

Flow 


OF POOR o:aiiLiiY 





rijjyrryoytAr.JTTSTg 

1- Turn on xad tor«athe* DW whi»tl« «ound? ^ ^ ^ 

2. Continue breathing. Did Whistle stop after several breathe? 

3, Engage press- to-' teat and cont^inue breathing » Did warning whistle 

sound? ^ 

4* Release press- to- test and continue breathing* Did warning whistle 
%top after several breaths? 


Ferfonn an external leakage test* None allowed* 


7« Turn cylinder valve off and slowly breathe trapped syst^ pressure 
down. Did warning whistle sound? Vi^S 


1- Initial Turn On ^3 psi. Supply pressure 

a) / breaths requirad to transfer to primary 

^ (6 breaths max. ) 

b) psi primary pressure 

c) Did whistle sound momentarily prior to transfer to primary? 

d) Did whistle fully cease after several breaths? ^ 

e j Turn cylinder off and breath* sygtaai down* Did whistle come 
on for low pressure warning? f\jS 

f) Comments t ■ ' 

2* Interstage Pressure ^(Normal Breathing) 


breaths requirad to transfer to primary 
(6 breaths max.) 
psi primary pressure 


8^3 P si a si (95 max) P si (100 raaX) primary 

fOA ^ . ®4300 i 200 psi 

D sl /3.T p sl (120-140) ATjLgp si (150 max) backup 

OA 

/ 2. p si p si (95 jsax) (100 max) primary 

•1200 t 200 psi 

JZO _ P »i /J2. p»i uao-140) I32_p»t (150 max) backup 

•800 pai 

Comnents i 


System B/iH 


BpresflMHa. nMnd BipHi/N — M W 

AF^-TBfi Scocs CYC'i-B s 

3. Press -To-Test & Trangfor 

a) Engage P* V. T. / breaths required to transfer to 

backup pressure schedule at 4300 i 200 psi* (3 breaths cuix,) 

b) Release P* T- T. H breathe required to transfer to 
primary pressure schedule at 4300 i 200 pai (6 breaths max.) 

c) Engage P. T, T. / breaths required to transfer to backup 
pressure schedule at 1200 ± 200 psi (3 breaths max*)* 

d) Release P, T. T. breaths required to transfer to primary 

at 1200 + 200 psi (6 breaths max) • 

u) Repeat P.T.T* and release several times and check for repeated 
transfer and return from primary to backup and back to primary* 

f) Comments? • 

4* Demand Regulator Inward Leakage (Exhalation Valve) 


Draft 

Inches of Water 


Flow 
cc/Min * 

a. z5^ 


5. Flow Draft 

I S — ' ■ ■ ■ . . — — I 

Primary Primary Rackui 
4300 1 1200 ± 1200 : 

Flow 200 psi 200 psi 200 pi 

Cracklng(50 co/hiln) OJ5Z 

178 LPM, HTPD ^///// '///// //// 

257 n.U /)M /J.9l 

'390 LPM, HTPD- /jf. //,•</ 

476 LPH, STPD /////7/^^// 

♦interstage Pressure shall be 90 psig rninf'” .. 
Comments t - . 

6. Low Cylinder Pressure Turn-On t 
Comments? ■ ■ 

7* Whistle Alarm Dynamic Full On/Full Off 
Dynamic Full on J3 A* PSIG (lOO-i: 


Limits 

cc/Min, 


Primary 
4300 1 
20Q psi 

Primary 
1200 + 
200 psi 

Backup 

1200 r 

200 pal 

Backup 

570 

psi 

Backup 

100 

psi 

Limits 

in 

H 20 


qX 5Z 




-0*1 to -0 


///// 

A//- 


6 A 

-2.0 max* 






-1*2S max. 

^0=~ 



///'J 

A//7 

-2.0 max. 



iA 

U4- 

y//// 

-2*0 max. * 


C865 X 35 psi) 


Dynamic Full on 
Dynamic Pull off" 


PSIG (100-110 PSI) 
PSIG (80-90 PSI) 


6* Purge Flow 


Inlet Pressure 

^PS1G_ 


Flow 

LPM, NTPD 

/ fO 


Limits . 

LPMt STPD 

125 to 200 I.PH 


9. Exhalation Flow 
Plow 

Crack (50 cc/min) 
257 LPM» OTPD 
47S LPMr lilTPD 


0 ^ 7 C flsLm 


Pressure 
Inches of Water 

o Q> 

/ 1 m 


Liioits 

Inches of Kafr 
4-0*5 max. 
+2*0 max* 
+4.0 max* 
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1.0 


IgJTRODUCTION 

This procedure describes a series of functional and 
environmental tests to be performed on the Modified 
Firefighter's Breathing System (FBS) Scott Part 
Number 27275. 


The tests are intended to verify that design improve-"" 
ments made in the FBS comply with the required functional 
and environmental parameters and qualify it for use in 
the field evaluation program. These tests are limited 
to those which are necessartJ^ to prove basic compliance , 
and augment the tests reported in the Development Test 
Report ER 1041 Dated 21 February 1974 and the Supplemental 
Test Report ER 1051 Dated 10 August 1974. 
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.0 


,1 


;.2 


5.3 


!.4 


GENERAL 
Test Medium 

The breathing gas used will be pure, dry breathing 
air conforming to the requirements of the compressed 
Gas Association Commodity Specification for Air,, 

G-7.1, Type I (Grade D or higher quality). 

i 

/■ ' ' 

Elriviromental' Conditions 

Unless otherwise specified, the ambient conditions 
for conducting the operational tests herein will be 
as follows: 

(1) Temperature: 77 i 18* F 

(2) Relative Humidity; 90 percent or less 

(3) Barometric Pressures Local standard 
(28 %o 32 inches of Hg) 

Test Articles 

Tests are to be conducted on two units to be randomly 
selected from the first group which has their pressure 
reducers and breathing regulators retrofitted as defined 
by drawings 27237 Rev. B and 27235 Rev. B. 

Order of Tests 

Prior to qualification testing, all test articles shall 

be acceptance tested in accordance with Delta Acceptance 

■ , ’ 

Test Procedure ER 1053. 



PAGE 3 

No particular ^sequence of tests will be followed except 
that one test unit will be subjected to life cycle 
testing as defined in Paragraph 3 , 3 and the second 
qualification unit will be subjected to all other tests 


3.0 


3.1 

3.1.1 

1 . 1.1 


3.1.2 

iC 

3J1.3 


SPECIFIED TESTS 

Low Temperature Operation 

Place a; partial PBS in an environmental chamber and 
subject to the low temperature tests as follows: 

The partial FBS shall consist of a high pressure hose, / 
pressure reducer, demand regulator and high pressure 
cylinder and valve. The components shall be inter- 
connected, the purge valve and cylinder valve in the 
"off” position and the cylinder charged to 4300 to 
4500 psig. , . 

Lower the chamber temperature to -40 P i 5 P for a 
period of twelve (12) hours minimum. 

Upon completion of the 12— hour exposure and while the 

Y: ' , ’t' : ■ 

system remains in the cold chamber, open the cylinder 
valve and perform the "functional tests" defined in 
paragiraph 5.1 * and breath down test defined 

in paragraph 5i3 of this procedure. 



(i 


- . J* 
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3.1.5 


3.2 


3.2.1 


Upon completion of the "functional tests" and breathdown 
test, the system to room temperature and perform the 
"performance tests" defined in Paragraph 5.2« 

High Temperature operation 

Place a partial FBS in an environmental chamber and 
subject to the high temperature tests defirfed in 3.2.2 


to 3.2.6. 

3. 2. 1.1 The partial FBS shall consist of a high pressure hose, 
pressure reducer, demand regulator and high pressure 
cylinder and valve. The components shall be inter- 
connected, and the purge valve and cylinder valve in the 
"off" position and the cylinder charged to 3700 psi. 

The asserabiy shall then be placed in the temperature 
chamber* 


3.2.2 


3.2.3 


3.2.4 


3,2.5 


Raise the temperature of the chamber to 120 F - 5*F and 
'hold for 6 hours minirSum. 

Raise the temperature of the chaniber to 154* F ^ 5*P 
wi4hin a time period of one (1) hour and then hold for 


I ■ . . 

an additional four (4) hours. 

j + • 

Lower the internal chamber temperature to 120^ F _ 5 F 

f 

wiithin a time period of one (1) hour. 

Re^peat Steps 3.2.2 through 3.2.4 two additional times 
msliing a total of three 12-hour cycles. 


'75 
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3.2.6 Adjust the temperature of the chamber to 165 F ± 5. F 
and hold for a period of 8 hours minimum. 

3.2.7 Upon completion of the 8-hour exposure and while the 
system remains in the hot chamber, open the cylinder and 
perform the "functional tests" and breathdown tests defined 
in Paragraph 5.1 and 5.3. 

3.2.8 Upon completion of the "functional test^" and breakdown 
test, turn the cylinder valve off, separate from the 
high pressure cylinder and return the system to room 
temperature and perform the "performance tests" defined 
in Paragraph 5.2. 

3.3 Life Cycling Test 

3.3.1 Install a partial FBS in the test setup as shown in 
Figure 1. 

3.3.2 Actuate the valve device to open pressurizing the supply 

volvime downstream of the cylinder valve to 4300 i 200 psi. 

'H' 

Actuate thejyalve device to, close. 

3.3.3 With needle valve (1) preset to flow 110 1 10 1 1pm, 

open - then close - solenoid to simulate inhalation. 

5^^se s^iuence timer to^open and close solenoid at a rate'^.; 
of 12 to 14 cyclefe per minute. .,.i 

3.3.4 Allow the simulated inhalation at 12 to l4 cycles per 

minute until pressure in the supply volume is between 
200 to 500 psig. ' 

. ] ■ ' ■ , ' , 

- // 
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3,3.5 




3.3.6 


3.4 

3.4.1 


Repeat paragraphs 3,3.2 through 3.3.4 a total of 5000 
times stopping after 500^ 1500, 2500, 3500, and 
5000 cycles to perform the > "functional tests " and 
"performance tests" defined in paragraphs 5.2 and 5,3. 

'• -\y' . 

Maintenance is permitted during the life cycling test, if 
required. Any of the following factors, should they 
occur, will signal the need for system maintenance. 

a) Failure of the warning signal to turn on. 

b) Failure of the warning signal to turn off. 

c) , Inability to transfer from and to the primary 

regulator during the pres s-to- test mode. ? 

d) Gross external leakage. ,• s 

e) High lockup pressure on the backup system as evidenced 
by relief valve cracking/ 

f) Gross fiow/draft deficiencies. 

Any of the above or other unforeseen deficiencies will 
be discussed with NASA as they occur and prior to perfor- 
mance of maintenance. 

High Pressure Exposure Test 

Connect a partial PBS to a high pressure cylinder c 

pressurized to 4300 to 4500. The cylinder valve shall 
be "open" and the purge valve of the dem|ind regulator 

itr 

shali be i^in the off position. 

- ' ■ i! 
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3.4.2 


3.4.3 


4.0 

4.1 

4.1.1 


4.1.2 


4.1.3 


4.1.4 






Upon completion of 72 hours of high pressure exposure, 
at a no-flow condition, perform the “functional tests” 
defined in paragraph 5 . 1 « 

Upon completion of the “functional tests", turn the 
cylinder valve off, separate from the high pressures 
cylinder and perform the “performance tests" defined 
in Paragraph 5.2 • 

SPECIAL TESTS 

High Pressure Exposure at High Temperature 
Following completion of high pressure exposure, 
paragraph 3.4, connect the partial FBS to a high pressure 
Cylinder pressurized to 3700 psig. The cylinder valve 
shall be "open" and the purge valve of the demand regula- 
tor shall be in the "off" position. 

Place the assembly in an environmental chamber at 1^5, F ^ 
5 B* for a minimum of 16 hours. ^ 

While still at 165 F and in the temperature chamber, sub- 
ject the FBS to the "fuhctional test" defined in 


/ 


paragraph 5.1 


\ ’> and breathdown test defined in 






paragraph 5.3 of this procedure. 

Upon completion of the "functional tests" breathdown 
tests, turn the cylinder valve off, separate from the 
high pressure cylinder and perfoim the "performance 




ssts" defined in paragraph 5.2 . 


/ 
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4.1.5 


5.0 

5-1 


5.2 


5.3 


Since tj>is is not considered an operational condition, 
the "pass-fail criteria" shall be that no failure of the 
warning whistle to be initiated shall occur when performing 
the "functional tests" and that no decrease in the backup 
■pressure schedule shall occur which could cause a failure 
of the warning whistle to^e initiated when "performance 
tests" are made. 


Test Data 

Functional Tests as defined in paragraph 4.2 of Delta 
Acceptance Test Procedure ER 1053 shall be performed on 
the partial PBS while exposed to the conditions of each 
specified test. Record all data on the test record, 
figure 2 of ER 1053. 

Performance Tests as defined in paragraph 4.3 of ER 1,053 
shaCi be performed on the partial FBS less the high pres- 
sure cylinder after completion of each specified test and 
when returned to ^standard conditions. The interstage 
pressures shall be monitored for all tests except primary 
flow-draft. Record all required values on the test 
record, Figure 2 of ER 1053. 

Breathdown Test 


This test is to be performed following^ the functional 

s f 

tests where specified and while the system is still 
exposed to the specified temperature. Turn the cylinder 
valve on and breath down the system to depletion. Verify 
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that a low pressure warning tone is obtained at 
approximately 850 psig cylinder pressure and that the 
tone continues to sound until a cylinder pressure of 
approximately 300 psig is reached. Breath down may 
be accomplished manually or by a breathing machine. 




EVENT 

COUNTER 

1 


ATMOSPHERE 



SCHEMATIC LIFE CYCLE TEST ^ 
„ FIGURE 1 

SEQUENCE A) SOLENOID 1 OPENS ALLOWING PILOT OPERATED VALVE TO 
OPEN AND CHARGE SYSTEM TO 4500 PSIG. 

B) SOLENOID 1 CLOSES AND SOLENOID 2 OPENS, CLOSING 
PILOT OPERATED VALVE. 

C) SOLENOID 3 ALTERNATELY OPENS AND CLOSES ALLOWING 
FLOW TO EE DRAW FROM THE SYSTEM ITNTIL A PRESSURE 
OF 200, -Jo 500 PSIG IS REACHED. 

D) THE FuMi^' CYCLE IS COMPLETED AND STEP A BEGINS AGAIN. 
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1.0 INTRODUCTION 

This procedure describes a series of functional and 
performance tests to be performed on each Firefighter' 
Breathing System prior to Delta qualification testing 
and customer delivery. 

The overall objective of this series is to verify that 
each FBS is functionally correct following completion 
of design changes and installation of retrofit parts. 

2.0 APPLICABLE DOCUMENTS 

NASA Specification FBS-SP-001, Revision 2 , dated 
November 3, 1971- 

Titleds “Performance, Design and Cost Requirements 
for a Compressed Air Demand-type Fireman's 
Breathing Systems 

Compressed Gas Association Commodity Specification 
for Air, Number G-7.1 
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3.0 


GENERAL 


3.1 


Test Medium 

The breathing gas used will be pure, dry breathing 
air conforming to the requirements of the Compressed 
Ga% Association Commodity Specification for Air, G-7.1, 
Type I (Grade D or higher ijuality) . 


3.2 


Environmental Conditions 

.Unless otherwise specified, the ^bient conditions 
for conducting the operational tests herein will be 
as follows; 

(1) Temperature: 77 ~ 18*P 

(2) Relative Humidity; 90 percent or less 

(3) Barometric Pressure; Local standard 

(28 to 32 inches of Hg) 


3.3 


Order of Tests 

Unless otherwise specif j^ed, all tests will be performed 
in the order presented herein. 
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Test Instruinentation 
Accuracy 

The accuracy of instruments and test equipment used 
to control or minitor test parameters specified 
herein shall s 

(a) Conform to laboratory standards whose calibration 
is traceable to the prime standards at tW U. S. 
Bissau of Standards. 

(b) Have an accuracy of at least one-tenth the) 

. tolerance for the test article variable to be 

measured. 

Calibration and Certification 

Prior to starting any test, test engineering shall 
review the instrumentation to ascertain that; 

(a) Calibration and certification have been accomplished 
and are valid. 

(b) The calibration time period will not elapse 
during a test of long duration . if this possi- 
bility exists, the applicable instrument will be 
replaced by one with a more recent calibration date. 
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4.0 

4.1 

4.1.1 

4. 1.1.1 


4.1.2 


4.1.3 


SPECIFIED TESTS 
Proof Pressure Test 

Subject a partial FBS to an inlet proof pressure of 
6750 psi for a minimum of 5 minutes. 

The partial FBS shall consist of a high pressure 
hose/ "pressure reducer and demand regulator. The 
components shall be interconnected and purge valve 
closed. . 

Gradually decrease the supply pressure from 6750 psi 
to 4500 psi and perfoimi an external leakage check. 
Upon completion, gradually reduce the supply to vent 
the system. 

'Upon completion of the proof pressure- ^ perfoinn 

the "functional tests" and the "performance tests" 
defined in Paragraphs 4.2 and 4.3. 


li 


4.2 


FUNCTIONAL TESTS 




4.2.1 Functional tests as defined below shall be performed 

on the partial FBS. Record all required comments on the 
test record. Figure 2. 

4. 2.1.1 Turn the cylinder valve ''on'* and take several breaths 
from the demand regulator. 

4. 2. 1.2 Note if the whistle sounded on the first breath. 

.4. 2. 1.2. 2 Note if the whistle stopped after several breaths. 

4. 2.1.3 Engage the press'-»to-test and take several breaths. ^ 

4. 2. 1.4 Note if transfer to the backup pressure schedule 
occurs as evidenced by the warning whistle. 

5- Release press-to-test ^d take several breaths. 

6 Note if transfer to the primary pressure schedule 
occurs, that the whistle stopped after several breaths. 

7 Perform an external leakage test, 

8 Turn the cylinder valve "off” and breathe through 
the demand regulator to breathe the residual '^trapped 
system pressure down. 

4. 2.1.9 Note if transfer to the backvip pressure schedule 
occurs as evidenced by the warning whistle. 


4 . 2 . 1 , 


4.2.1, 


4.2.1. 

4.2.1. 
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4.3 PERFORMAJ?CE TESTS 


4.3.1 


4. 3. 1.1 


4. 3. 1.2 


4. 3. 1.3. 


4.3. 1.4 


4. 3. 1.5 


4. 3.1. 6 


4. 


3 


***• 

« d.m 


Performance Tests as defined 'below shall be performed 
on the partial FBS less the high pressure cylinder. 

'A 

The interstage pressures shall be monitored for all ■' 
tests except flow-draft. Record all required values 
on the test record. Figure 2. 

Initial ffurn On 

Apply 4300 i 200 psi note and p^gcord this supply 
pressure. 

Breathe through the demand regulator, note how many 
breaths were required to transfer to the primary 
pressure schedule and note the primary pressure. 

Note ii whistle sounded momentarily prior to transfer 
to the primary. 

Note if whistle fully ceases after several breaths. 
Turn the cylinder valve "off and breathe the system 
down. Note if the whj.stle came on for low pressure 
warning. 

Interstage pressure 
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4. 3. 2. 2 

4o3.3 
4,3. 3.1 


4.3.5 

4.3. 5.1 

fr 


4. 3. 2.1 Breathe normally throuc/Kthe demand regulator, note 

V. 

and record the high and low i^iterstage pressures for' 
the primary and hachup pressure schedules for supply 
pressures of 4300 + 200 psi and 1200 ± 200 psi. 

Note and record the primary and hack up pressures at 

i . 

lockup after three (3) minutes, 

Press-To~Test and Transfer 

Engage the press-to-test and breathe through the demand 
regulator, note and record the number of breaths required 
to transfer to and from primary to backup pressure 
schedules, at 4300 i 200 psi and 120G - 200 psi supply 
pressure, 

4,3,4 Demand Regulator Inward Leakage (Exhalation Valve) 

: ^ 

4. 3. 4.1 Disconnect the low pressure hose from the pressure 
reducer and cap the hose. Slowly draw successive 
negative pressures of -0.5 and -2,0 inches of water 
while noting and recording the resulting flow 
through a low range flow meter. This flow is the,^. 
leakage through the demand regulator (exhalation valve) . 
Flow ifeaft 

Perform flow draft tests as specified on the test record 
at supply pressures of 4300 ± 200; 1200 ± 200, 570, and 100 

li . 

^ !) psig.. Note and record the draft required to obtain demand 

■ \\ 

valve cracking (50 cc/f||h) and flows of 178, 257, 390, and 
476 LPM, NTPD. 

4.3.6 Low Cylinder pressure Turn-On 


IP 
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4.3,6. 1 


4.3,7 


4. 3. 7.1 


4.3.8 
4. 3. 8.1 


4. 3.8. 2 


4. 3,8,3 


4.3.9 
4.3, 9.1 



Slowly decrease the inl6t pressure and determine 
pressure at which transfer from the primary to the 
hacTcup pressure schedule occurs. Note and record this 
low cylinder pressure turn-on. 

Whistle Alarm Dynamic Full -On/Full -Off 

Connect the breathing regulator to a separate regulated 
pressure source. Breathe thru the demand regulator 
starting with a supply pressure between 95 and 99 psi. 
Increase the inlet pressure in one PSIG increment and 
breathe three to follr times at each pressure. While 
observing the pressure gage, record the pressure at 
which the whistle alarm is "full-on". This pressure^ 
should be the highest pressure observed on the gage. 

The dynamic "full-off" pressure should be determined by 
decreasing pressure and using similar methods as described 
above. Start with a pressure between 92~95 psi and note 
and record the lowest pressure observed\'luring inhalation, 
(i.e. Droop Pressure) 

Purge Flow 

Apply 300 PSIG to the inlet, of a partial PBS (Figure- 1) . 
Open purge valve fully which will cause a slight positive 
pressure in the mash. ^ 

Slowly open the needle valve until the' mask pressure is 

-i) '* 

zero. Record' the resulting flow on the flowmeter. 


Exhalation Flow 

Perform the exhalation valve flow tests by applyingj' 

^ -J ■ ■ 

through the demand regulator of 50 cc/min (cracking) 

V, . \A 

257 and 476 LPM, NTPD and noting and recording 'the 
resulting positive pressures. 


flows 






1. Turn on and breftth«. Did vhiatle sound? 

2* Continue breathing* Did whistle stop after several breaths? ___ 

3. Engage pres»-to-te»t and continue breathing* Did warning whistle 
sound? . 

4- Release press- to- test and continue breathing. Did Warning whistle 
stop after several breaths? . 

5. Gopnyients ; 


6* Perform an e^cternal leakage test- Kone allowed- 


Turn cylinder valve off and slowly breathe tirapped system pressure 
down. Did warning whistle sound? . .. . 


Commenta 


Q P, 


lni^'a'l\^Tum On 


psi* Supply Pressure 


Q Si 

ERFORMANCE TESTS ^ ^ 

lni2^Sj?i),Turn On p*i. Supply Pressure ^ 

a) - breaths required to transfer to primary ^ 

(6 breaths tnaXe) ^ ' 

b) psl primary pressure 

c) Did whistle sound momentarily prior to transfer to primary? _ 

11 ■ 

d) Did whistle fully cease after several breaths? 

tt) Turn cylinder off and breathe system down. Did whistle come 
on for low pressure warning? 

f} Comments t . | 


Enters tape Pressure (Normal Breathing) 


Inhalation 


psi (9S max) 
psi (120-140) 
psi (95 ^oax) 
psi (120-140) 


Lockup After 3 Minutes 

psi (100 max) primary 
94300 ± 200 psi 

psi (ISO max) backup 

^300 ± 200 psi 

psi (100 max) primary 

@1200 ± 200 psi 
psi (150 max) backup 

^<50 ,i§o psi 


Flow (cc/min ) 


Limit fcc/min) 




- 1*0 


























